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+LJK WKURXJKSXW VL51$ VFUHHQLQJ LV D XVHIXO PHWKRGRORJ\ WR LGHQWLI\
FHOOXODU IDFWRUV UHTXLUHG IRUYLUXV UHSOLFDWLRQ+HUHZHXWLOL]HGDKLJK WKURXJKSXW
VL51$VFUHHQEDVHGRQGHWHFWLRQRIDYLUDODQWLJHQE\PLFURVFRS\WRLQWHUURJDWH
FHOOXODU SURWHLQ NLQDVHV DQG SKRVSKDWDVHV IRU WKHLU LPSRUWDQFH GXULQJ KXPDQ
F\WRPHJDORYLUXV +&09 UHSOLFDWLRQ DQG LGHQWLILHG WKH &ODVV ,,
3KRVSKDWLG\OLQRVLWRONLQDVH3,.&$DVEHLQJ LQYROYHG LQ+&09 UHSOLFDWLRQ
&RQILUPLQJWKLVREVHUYDWLRQLQIHFWHGFHOOVWUHDWHGZLWKHLWKHUSRROHGRULQGLYLGXDO
VL51$V WDUJHWLQJ PI3K-C2A P51$ SURGXFHG DSSUR[LPDWHO\ IROG OHVV
LQIHFWLRXV YLUXV FRPSDUHG WR FRQWUROV :HVWHUQ EORWWLQJ DQG TXDQWLWDWLYH 3&5
DQDO\VLV RI LQIHFWHG FHOOV WUHDWHGZLWK VL51$V LQGLFDWHG WKDW GHSOHWLRQ RI 3,.
&$VOLJKWO\UHGXFHGDFFXPXODWLRQRIODWHEXWQRWLPPHGLDWHHDUO\RUHDUO\YLUDO
DQWLJHQVDQGKDGQRDSSUHFLDEOHHIIHFWRIYLUDO'1$V\QWKHVLV$QDO\VLVRIVL51$
WUHDWHG FHOOV E\ HOHFWURQ PLFURVFRS\ DQG ZHVWHUQ EORWWLQJ LQGLFDWHG WKDW 3,.
&$ZDVQRW UHTXLUHG IRUSURGXFWLRQRI YLUDO FDSVLGVEXWGLG OHDG WR LQFUHDVHG
QXPEHUVRIHQYHORSHGFDSVLGV LQ WKHF\WRSODVP WKDWKDGXQGHUJRQHVHFRQGDU\
HQYHORSPHQWDQGUHGXFWLRQRIYLUDOSDUWLFOHVH[LWLQJWKHFHOO7KHUHIRUH3,.&$
LVDIDFWRULPSRUWDQWIRU+&09UHSOLFDWLRQDQGKDVDUROHLQSURGXFWLRQRI+&09
YLULRQV
 
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
,03257$1&(

7KHUH LV OLPLWHG LQIRUPDWLRQDERXW WKHFHOOXODU IDFWRUV UHTXLUHG IRUKXPDQ
F\WRPHJDORYLUXV +&09 UHSOLFDWLRQ 7KHUHIRUH WR LGHQWLI\ SURWHLQV LQYROYHG LQ
+&09 UHSOLFDWLRQ ZH GHYHORSHG D PHWKRGRORJ\ WR FRQGXFW D KLJK WKURXJKSXW
VL51$VFUHHQLQ+&09LQIHFWHGFHOOV)URPRXUVFUHHQLQJGDWDZHIRFXVHGRXU
VWXGLHVRQ WKH WRS ³KLW´ IURPRXUVFUHHQ WKH OLSLGNLQDVHSKRVSKDWLG\OLQRVLWRO
NLQDVH&ODVV,,$OSKD3,.&$DVLWVUROHLQ+&09UHSOLFDWLRQZDVXQNQRZQ
,QWHUHVWLQJO\ZH IRXQG WKDW3,.&$ LV LPSRUWDQW IRU WKHSURGXFWLRQRI+&09
YLULRQVDQG LV LQYROYHG LQYLULRQSURGXFWLRQDIWHUVHFRQGDU\HQYHORSPHQWRIYLUDO
FDSVLGVWKHHQFDSVLGDWLRQRI+&09FDSVLGVE\DOLSLGELOD\HUWKDWRFFXUVEHIRUH
YLULRQVH[LWWKHFHOO
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 ,GHQWLILFDWLRQ RI IDFWRUV HQFRGHG E\ WKH FHOO WKDW DUH UHTXLUHG IRU YLUXV
UHSOLFDWLRQFDQLOOXPLQDWHLPSRUWDQWIHDWXUHVRIYLUXVKRVWLQWHUDFWLRQVDQGLGHQWLI\
QRYHO GUXJ WDUJHWV IRU WKHUDSHXWLF LQWHUYHQWLRQ 6WDJHV RI SURGXFWLYH KXPDQ
F\WRPHJDORYLUXV +&09 UHSOLFDWLRQ WDNHV SODFH LQ ERWK WKH QXFOHXV DQG WKH
F\WRSODVP  $IWHU UHSOLFDWLRQ RI WKH YLUDO'1$JHQRPH LQ WKH QXFOHXV QHZO\
V\QWKHVL]HGYLUDOJHQRPLF'1$LVSDFNDJHGLQWRQDVFHQWFDSVLGVLQWKHQXFOHXV
7KHVHFDSVLGV WKHQEXG WKURXJK WKHQXFOHDUPHPEUDQHDQGDIWHUDFFHVVLQJD
YLUDO DVVHPEO\ FRPSDUWPHQW LQ WKH F\WRSODVP  XQGHUJR D SURFHVV RI
³VHFRQGDU\HQYHORSPHQW´ LQ WKHF\WRSODVP LQZKLFKFDSVLGVJDLQD OLSLGELOD\HU
EHIRUH H[LWLQJ WKH FHOO  0DQ\ RI WKHVH SURFHVVHV UHTXLUH WKH IXQFWLRQ RI
FHOOXODUIDFWRUVDQXPEHURIZKLFKDUHXQNQRZQ
 +LJK WKURXJKSXW VL51$ VFUHHQLQJ KDV EHHQ D VXFFHVVIXO VWUDWHJ\ WR
LGHQWLI\FHOOXODUIDFWRUVLPSRUWDQWIRUUHSOLFDWLRQRIVHYHUDOYLUXVHV0DQ\RI
WKHIDFWRUVWKDWKDYHEHHQLGHQWLILHGE\WKLVVWUDWHJ\DUHNLQDVHVWKDWDUHLQYROYHG
LQDGLYHUVHUDQJHRIFHOOXODUSURFHVVHV&HOOXODUSURWHLQQXFOHRWLGHRUOLSLG
NLQDVHV DUH LQYROYHG LQ PDQ\ DVSHFWV RI +&09 UHSOLFDWLRQ  )RU H[DPSOH
FHOOXODU SURWHLQ NLQDVHV DUH LQYROYHG LQ WKH LQWUDFHOOXODU VLJQDOLQJ UHTXLUHG IRU
DFWLYDWLRQRIYLUDOWUDQVFULSWLRQDQGPDQ\RWKHUSURFHVVHV7KHUROHV
RIFHOOXODUQXFOHRWLGHNLQDVHVLQ+&09UHSOLFDWLRQDUHOHVVZHOOFKDUDFWHUL]HGEXW
DUH OLNHO\ WR EH LPSRUWDQW IRU +&09 '1$ V\QWKHVLV DV WKH\ DUH LQYROYHG LQ
QXFOHRWLGHPHWDEROLVP$QRWKHU IRUPRINLQDVHSURWHLQ WKDWPXVWEHFRQVLGHUHG
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DUH OLSLG NLQDVHV SURWHLQV WKDW SKRVSKRU\ODWH WKH LQRVLWRO ULQJ RI
SKRVSKDWLG\OLQRVLWRO 3WG,QV2QO\D IHZ LQYHVWLJDWLRQVKDYHH[DPLQHGZKHWKHU
OLSLG NLQDVHV DUH LQYROYHG LQ +&09 UHSOLFDWLRQ &ODVV , 3KRVSKDWLG\OLQRVLWRO 
NLQDVH3,.LVLPSRUWDQWIRULQWUDFHOOXODUVLJQDOLQJLQYROYHGLQ+&09UHSOLFDWLRQ
 DQG FODVV ,,, 3,.9SV LV UHTXLUHG IRU VHFRQGDU\ HQYHORSPHQW WR RFFXU
+RZHYHUWKHUROHRIFODVV,,3,.SURWHLQVLQ+&09UHSOLFDWLRQLVXQNQRZQ
+LJK WKURXJKSXW VL51$ VFUHHQV WDUJHWLQJ KXPDQ NLQDVH DQG PHWDEROLF
SURWHLQV KDV EHHQ SHUIRUPHG DQG KDYH KLJKOLJKWHG WKH LQYROYHPHQW RI PDQ\
FHOOXODU SURWHLQV DQG SDWKZD\V LQ +&09 UHSOLFDWLRQ QRWDEO\ WKH FHOOXODU
PHWDEROLF SDWKZD\V LQYROYLQJ ƍ$03±DFWLYDWHG SURWHLQ NLQDVH $03.  
+RZHYHU VWXGLHV RI PXOWLSOH VL51$ VFUHHQV DJDLQVW D FRPPRQ WDUJHW
GHPRQVWUDWHWKDWGLIIHUHQWVL51$VFUHHQVFDQSURGXFHGLIIHUHQWRXWFRPHVGXHWR
IDOVHSRVLWLYHV IDOVHQHJDWLYHVDQG WKHHIILFLHQF\RI VL51$VXWLOL]HG LQGLIIHUHQW
H[SHULPHQWV7KHUHIRUHLWLVSRVVLEOHWKDWDQ\QXPEHURINLQDVHSURWHLQVWKDW
DUHUHTXLUHGIRU+&09UHSOLFDWLRQKDYH\HWWREHLGHQWLILHG
7RLGHQWLI\FHOOXODUNLQDVHVUHTXLUHGIRU+&09UHSOLFDWLRQZHGHYHORSHGD
KLJK WKURXJKSXW VL51$ VFUHHQ EDVHG RQ WKH GHWHFWLRQ RI D YLUDO DQWLJHQ LQ
LQIHFWHGFHOOVE\PLFURVFRS\)URPWKLVVFUHHQZHIRXQGWKDWVHYHUDOXQUHODWHG
NLQDVHSURWHLQVVFRUHGDVKLWV LQFOXGLQJWKHSKRVSKDWLG\OLQRVLWRONLQDVH&ODVV
,,DOSKDSURWHLQ3,.&$ZKLFKZHH[DPLQHGIXUWKHU
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&HOOV DQG YLUXVHV +XPDQ IRUHVNLQ ILEUREODVW +)) FHOOV FORQH +V ZHUH
REWDLQHG IURP $PHULFDQ 7\SH &XOWXUH &ROOHFWLRQ QR &5/ $7&&
0DQDVVDV 9$ $OO FHOOV ZHUH PDLQWDLQHG LQ FRPSOHWH PHGLD 'XOEHFFRV
0RGLILHG (DJOHV 0HGLXP '0(0 *LEFR FRQWDLQLQJ  IHWDO ERYLQH VHUXP
)%6 *LEFR SOXV SHQLFLOOLQ DQG VWUHSWRP\FLQ 8QOHVV LQGLFDWHG RWKHUZLVH
+&09VWUDLQ$'ZDVXVHG+&09VWUDLQ0HUOLQ5&09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ZDVDNLQG
JLIWIURP5LFKDUG6WDQWRQ&DUGLII8QLYHUVLW\

7UDQVIHFWLRQ DQG LQIHFWLRQ RI FHOOV IRU KLJK WKURXJKSXW VFUHHQLQJ 7KH
'KDUPDFRQ 60$57SRRO NLQDVHSKRVSKDWDVH FROOHFWLRQ FDWDORJ QXPEHU *
FRPSULVHVVL51$WDUJHWV7DEOH6DQGZDVVFUHHQHGLQWULSOLFDWH
DWWKH,&&%/IDFLOLW\DW+DUYDUG0HGLFDO6FKRRO(DFKSRROFRQWDLQVLQGLYLGXDO
VL51$ 7ZHQW\IRXU KRXUV EHIRUH WUDQVIHFWLRQ  +)) FHOOV ZHUH VHHGHG LQ
HDFK ZHOO RI HDFK &RUQLQJ  SODWH LQ FRPSOHWH PHGLD ZLWK QR DQWLELRWLFV
8QOHVVVWDWHGRWKHUZLVHOLTXLGZDVDGGHGWRZHOOVXVLQJD:HOO0DWHDSSDUDWXV
$WWKHWLPHRIWUDQVIHFWLRQDQLQWHUPHGLDWHSODWH7KHUPR6FLHQWLILFZHOOSODWH
QRZDVSUHSDUHG WRPL[VL51$ZLWK OLSLG7KXVµORIHDFKVL51$DWD
FRQFHQWUDWLRQ RI  µ0 ZDV DGGHG WR WKH LQWHUPHGLDWH SODWH DORQJ ZLWK µO RI
2SWL0(0*LEFR7KHLQWHUPHGLDWHSODWHZDVLQFXEDWHGDWURRPWHPSHUDWXUHIRU
 PLQXWHV 'XULQJ WKLV LQFXEDWLRQ SHULRG D OLSLG2SWL0(0 PL[ ZDV SUHSDUHG
µO 'KDUPDIHFW  OLSLG 'KDUPDFRQ SOXV µO 2SWL0(0 SHU ZHOO DQG
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LQFXEDWHGIRUQRPRUHWKDQPLQVDWURRPWHPSHUDWXUHµORIOLSLG2SWL0(0
PL[ZDVDGGHGWRHDFKZHOORIWKHLQWHUPHGLDWHSODWHDQGLQFXEDWHGIRUDIXUWKHU
PLQVDW URRP WHPSHUDWXUH0HGLDZDV UHPRYHG IURPSODWHVFRQWDLQLQJ+))
FHOOV ZLWK D VXFWLRQ PDQLIROG DQG µO RI VL51$OLSLG PL[ IURP WKH LQWHUPHGLDWH
SODWH ZDV DGGHG WR WULSOLFDWH SODWHV XVLQJ D OLTXLG KDQGOLQJ URERW 7R WKH
WUDQVIHFWHGFHOOVµORI FRPSOHWHPHGLDZLWKRXWDQWLELRWLFVZDVDGGHG WRHDFK
ZHOO ,Q HDFK SODWH ZHOOV XVHG IRU  QHJDWLYH DQG  SRVLWLYH FRQWUROV ZHUH
WUDQVIHFWHG ZLWK 60$57SRRO 1RQWDUJHWLQJ VL51$  ' RU
60$57SRRO +XPDQ 3/. 0 UHVSHFWLYHO\ :KHUH LQGLFDWHG
LQGLYLGXDO3,.&$60$57SRRO VL51$V /8ZHUH XVHG LQ 
ZHOOVRIDSODWH&RQWURODQGLQGLYLGXDOVL51$VZHUHDGGHGWRLQWHUPHGLDWHSODWHV
E\KDQG7UDQVIHFWHGFHOOVZHUHLQFXEDWHGIRUKRXUVDWR&&HOOVZHUHWKHQ
LQIHFWHGZLWK+&09VWUDLQ$'02,LQDWRWDOYROXPHRI µOIRUKRXUVDW
R&7KHLQRFXOXPZDVUHPRYHGDQGFHOOVZHUHLQFXEDWHGIRUDIXUWKHUKRXUV
DWR&3ODWHVZHUHWKHQDQDO\]HGE\PLFURVFRS\WRDVVHVV+&09UHSOLFDWLRQ

3UHSDUDWLRQRIVFUHHQLQJSODWHV IRUKLJK WKURXJKSXWPLFURVFRS\DQDO\VLV
&HOO FXOWXUH PHGLD ZDV UHPRYHG IURP LQIHFWHG FHOOV DQG UHSODFHG ZLWK  µO
+RHFVKW  6,*0$ GLOXWHG LQ SKRVSKDWH EXIIHUHG VDOLQH 3%6 WR D ILQDO
FRQFHQWUDWLRQRI µJPO$IWHULQFXEDWLRQIRUKRXUDWR&µORI'HHS5HG
&HOO0DVN,QYLWURJHQGLOXWHGLQ3%6WRDFRQFHQWUDWLRQRIµJPOZDVDGGHGWR
HDFKZHOO &HOOV ZHUH LQFXEDWHG IRU D IXUWKHU PLQV DW R& &HOOV ZHUH WKHQ
IL[HGE\ UHPRYLQJ3%6FRQWDLQLQJ+RHVFKW DQG&HOO0DVNDQGDGGLQJ  µO RI
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 IRUPDOG\K\GH 6,*0$ LQ 3%6 WR HDFK ZHOO $IWHU LQFXEDWLQJ DW URRP
WHPSHUDWXUHIRUPLQVIL[DWLYHZDVUHPRYHGDQG µORI3%6FRQWDLQLQJ
7ULWRQ;ZDVDGGHGSHUZHOOWRSHUPHDEOL]HFHOOV$IWHUPLQVLQFXEDWLRQDW
URRP WHPSHUDWXUH 3%6 FRQWDLQLQJ GHWHUJHQW ZDV UHPRYHG DQG FHOOV ZHUH
ZDVKHGRQFHZLWK3%63%6ZDV UHPRYHGDQG UHSODFHGZLWKµO0$E3
UHFRJQL]LQJSS9LUXV\VGLOXWLRQDQGDQWLPRXVHVHFRQGDU\DQWLERG\
FRQMXJDWHG WR IOXURSKRUH$OH[D 0ROHFXODU 3UREHV GLOXWLRQ  3ODWHV
ZHUH LQFXEDWHGDWR& IRUKRXU$IWHU LQFXEDWLRQ3%6FRQWDLQLQJDQWLERGLHV
ZDV UHPRYHG DQG UHSODFHG ZLWK  µO RI 3%6 3ODWHV ZHUH WKHQ DQDO\]HG E\
PLFURVFRS\

0LFURVFRS\DQDO\VLVRIVFUHHQLQJSODWHV,QIHFWHGFHOOVVWDLQHGZLWKDQWLERG\
WR GHWHFW SS ZHUH LPDJHG RQ DQ ,PDJH ([SUHVV 0LFUR ,;0 PLFURVFRSH
0ROHFXODU 'HYLFHV DW [ PDJQLILFDWLRQ WR GHWHFW  ZDYHOHQJWKV  QP WR
GHWHFWDQWLERG\UHFRJQL]LQJSSQPWRGHWHFW'HHS5HG&HOO0DVNDQG
QPWRGHWHFW+RHVFKWVWDLQERXQG WR'1$7KUHH LPDJHVZHUHFDSWXUHG
IURP HDFK ZDYHOHQJWK LQ HDFK ZHOO RI ZHOO SODWHV 7KH QXPEHU RI FHOOV
SRVLWLYHIRUDOOZDYHOHQJWKVDQGSHUFHQWDJHRISSSRVLWLYHFHOOVLQHDFKZHOO
ZDVGHWHUPLQHGE\DQDO\]LQJWKHSUHVHQFHRIVLJQDOIURPHDFKZDYHOHQJWKXVLQJ
WKH 0HWDPRUSK 0XOWLZDYHOHQJWK &HOO 6FRULQJ VRIWZDUH 0ROHFXODU 'HYLFHV
7\SLFDOO\ WKH DYHUDJH QXPEHU RI SS SRVLWLYH FHOOV IRXQG ZKHQ FHOOV ZHUH
WUHDWHGZLWKQRQWDUJHWLQJVL51$ZDVGDWDQRWVKRZQ

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 
$QDO\VLV RI VFUHHQLQJ UHVXOWV 7R DVVHVV WKH TXDOLW\ RI GDWD WKDW FRXOG EH
UHWXUQHGIURPWKHVFUHHQLQJSURWRFROZHFDOFXODWHGWKH=¶IDFWRUGHULYHG
IURPWKHSRVLWLYH3/.VL51$WUHDWHGLQIHFWHGFHOOVDQGQHJDWLYH1RQWDUJHWLQJ
VL51$ LQIHFWHG FHOOV FRQWUROV7KH VFUHHQLQJ FRQWUROV UHWXUQHG=¶IDFWRUVRI
JUHDWHU WKDQRU HTXDO WR  LQGLFDWLQJ D UREXVW VHSDUDWLRQ RI GLIIHUHQFH LQ WKH
GDWD GHULYHG IURP SRVLWLYH DQG QHJDWLYH FRQWUROV 7KXV WKH VFUHHQLQJ SURWRFRO
FRXOGEHUHOLDEO\XVHGWRVFUHHQWKHVL51$FROOHFWLRQ
$IWHU VFUHHQLQJ RI WKH VL51$ FROOHFWLRQ GDWD ZDV DQDO\]HG WR DGGUHVV
VL51$ F\WRWR[LFLW\ VL51$V ZHUH MXGJHG WR KDYH D F\WRWR[LF HIIHFW ZKHQ WKH
QXPEHU RI FHOOV VWDLQHG ZLWK +RHVFKW  LQ D ZHOO IHOO EHORZ IROG RI WKH
PHDQ RI WKH QXPEHU RI FHOOV LQ HDFK ZHOO RI WKH SODWH 'DWD IURP WKRVH ZHOOV
FRQWDLQLQJ F\WRWR[LF VL51$ ZDV GLVFDUGHG 7KH GDWD IURP WKH UHPDLQLQJ ZHOOV
IURP HDFK SODWHZDV FRQYHUWHG WR D ]VFRUH   DQG WKH DYHUDJH ]VFRUH
IURP GDWD LQ WULSOLFDWH SODWHV ZDV GHWHUPLQHG ,PDJHV FKRVHQ DW UDQGRPZHUH
YLVXDOO\LQVSHFWHGWKURXJKRXWLPDJHFDSWXUHDQGDQDO\VLVWRHQVXUHUDZGDWDZDV
FRQVLVWHQWZLWK]VFRUHV

*(66DQG+D\VWDFNDQDO\VLVRIVL51$ELQGLQJ7KHRQOLQHYHUVLRQRI*(66
ZDVXVHG)RU+D\VWDFNDQDO\VLVRI WRSVFUHHQLQJ³KLWV´+D\VWDFN
ZDV GRZQORDGHG IURP KWWSUQDLQLKJRYKD\VWDFN VL51$ VHTXHQFHV ZHUH
FRPSDUHG WR ¶ XQWUDQVODWHG UHJLRQV ¶ 875V RI KXPDQ P51$ SURYLGHG E\
+D\VWDFN$OLVWRIYLUDO¶875VQXFOHRWLGHVZDVJHQHUDWHGIURPWKH+&09
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 
$'JHQRPHDQGFRPSDUHGWRVL51$VHTXHQFHV$OOVL51$VHTXHQFHVZHUH
VXSSOLHGE\'KDUPDFRQ

.LQDVH LQKLELWRUV&RPSRXQG&ZDVSXUFKDVHGIURP0HUFNDQGUHVXVSHQGHG
LQGLPHWK\OVXOIR[LGH'062

3UHSDUDWLRQ RI FHOO O\VDWHV IRU ZHVWHUQ EORWWLQJ ,Q H[SHULPHQWV WR GHWHFW
3,.&$ [ +)) FHOOV ZHUH ZDVKHG WZLFH ZLWK LFH FROG 3%6 DQG
LPPHGLDWHO\VFUDSHG LQWRPORI O\VLVEXIIHU P07UL]PDP01D&O
 13  VRGLXP GHR[\FKRODWH  P0 ('7$  JO\FHURO  P0
VRGLXP IOXRULGHP0VRGLXPS\URSKRVSKDWHP0βJO\FHURSKRVSKDWH
PPRO/ VRGLXP RUWKRYDQDGDWH  PJ/ SKHQ\OPHWK\OVXOIRQ\O IOXRULGH SOXV 
+DOW 3URWHDVH ,QKLELWRU WDEOHW 7KHUPR6FL PO /\VDWH ZDV
LQFXEDWHG RQ LFH IRU  PLQV WKHQ FHQWULIXJHG IRU  PLQV DW  USP
6XSHUQDWDQWZDVUHPRYHGDQGGLOXWHGLQ[/DHPPOLEXIIHUFRQWDLQLQJβ
PHUFDSWRHWKDQRO6DPSOHVZHUHLQFXEDWHGWRR&IRUPLQV
 $OO RWKHU VDPSOHV ZHUH SUHSDUHG IRU ZHVWHUQ EORWWLQJ E\ ZDVKLQJ FHOOV
RQFHLQ3%6WKHVXVSHQGLQJFHOOVGLUHFWO\LQ[/DHPPOLEXIIHUFRQWDLQLQJβ
PHUFDSWRHWKDQROEHIRUHLQFXEDWLQJDWR&IRUPLQV

:HVWHUQ EORWWLQJ :HVWHUQ EORWWLQJ RI SURWHLQV VHSDUDWHG RQ  RU  RU
SRO\DFU\ODPLGH JHOV ZDV FDUULHG RXW DV GHVFULEHG HOVHZKHUH  XVLQJ
DQWLERGLHV UHFRJQL]LQJ ,(8/ SS DOO 9LUXV\V  GLOXWLRQβDFWLQ
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6,*0$GLOXWLRQ8/ D NLQGJLIW IURP:DGH*LEVRQ -RKQV+RSNLQV
8QLYHUVLW\GLOXWLRQJ%)(IURPWKH1,+$,'65HDJHQWV3URJUDP
 GLOXWLRQ DQG 3,.&$ %' %LRVFLHQFH   GLOXWLRQ $OO
SULPDU\ DQWLERGLHV ZHUH LQFXEDWHG RYHUQLJKW DW R& DQG GHWHFWHG XVLQJ DQWL
PRXVH RU DQWLUDEELWKRUVHUDGLVK SHUR[LGDVH +53 FRQMXJDWHG DQWLERGLHV
6RXWKHUQ %LRWHFK &KHPLOXPLQHVFHQFH VROXWLRQ *( +HDOWKFDUH RU ZKHQ
DVVD\LQJIRU3,.&$)HPSWRGHWHFWLRQUHDJHQW7KHUPRZHUHXVHGWRGHWHFW
VHFRQGDU\ DQWLERGLHV RQ ILOP :KHUH LQGLFDWHG LQ WKH WH[W UHODWLYH EDQG
LQWHQVLWLHV ZHUH FDOFXODWHG XVLQJ ,PDJH- VRIWZDUH SURYLGHG E\ WKH 1DWLRQDO
,QVWLWXWHVRI+HDOWK86$

7UDQVIHFWLRQ RI VL51$ LQWR +)) FHOOV %ULHIO\  [  +)) SHU ZHOO ZHUH
VHHGHGLQZHOOSODWHVKRXUVEHIRUHWUDQVIHFWLRQLQ'0(0)%6ZLWKQR
DQWLELRWLFV3HUZHOO O RI 0VL51$DQGO'KDUPDIHFW 'KDUPDFRQ
ZHUHGLOXWHGLQODQGO2SWLPHP,QYLWURJHQUHVSHFWLYHO\$IWHUPLQV
DW URRP WHPSHUDWXUHERWK VROXWLRQVZHUH FRPELQHG $IWHU PLQVPHGLDZDV
UHPRYHG IURP HDFKZHOO DQG UHSODFHGZLWK WKH VL51$'KDUPDIHFWPL[WXUH DQG
ORI'0(0)%6ZLWKQRDQWLELRWLFVZDVDGGHGWRHDFKZHOO7UDQVIHFWHG
FHOOV ZHUH LQFXEDWHG DW R& IRU  KRXUV WKHQ HLWKHU SUHSDUHG IRU ZHVWHUQ
EORWWLQJRULQIHFWHGZLWK[SODTXHIRUPLQJXQLWVSIXPORI$'

'HWHUPLQDWLRQ RI YLUDO WLWHU 7LWHUV ZHUH GHWHUPLQHG E\ VHULDO GLOXWLRQ RI YLUDO
VXSHUQDWDQWRQWR+))PRQROD\HUVZKLFKZHUHWKHQFRYHUHGLQ'0(0FRQWDLQLQJ
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)%6DQG PHWK\OFHOOXORVH&XOWXUHVZHUH LQFXEDWHG IRU  GD\V FHOOV
ZHUHVWDLQHGZLWKFU\VWDOYLROHWDQGSODTXHVZHUHFRXQWHG
5HDOWLPHTXDQWLWDWLYH3&5DQDO\VLVRIYLUDO'1$V\QWKHVLVLQVL51$WUHDWHG
FHOOV +)) FHOOV ZHUH WUHDWHG ZLWK VL51$ DQG LQIHFWHG DV RXWOLQHG DERYH LQ
WULSOLFDWH'1$ZDV LVRODWHG IURP LQIHFWHGFHOOVXVLQJ WKH1XFOHR6SLQ7LVVXH.LW
0DFKHUH\1DJHO DFFRUGLQJ WR WKH PDQXIDFWXUHU
V LQVWUXFWLRQV 9LUDO JHQRPHV
ZHUHTXDQWLILHGZLWKDSULPHUSDLUSSVDQGSSDV WRUL83 DQG WKH
QXPEHU RI YLUDO JHQRPHV ZDV QRUPDOL]HG WR FHOOXODU FRSLHV RI adipsin 
8QNQRZQ VDPSOH YDOXHV ZHUH GHWHUPLQHG RQ WKH EDVLV RI VWDQGDUG FXUYHV RI
NQRZQ FRS\ QXPEHUV RI UL83 SF'1$8/ D NLQG JLIW IURP -HUHP\ .DPLO
/RXLVLDQD 6WDWH 8QLYHUVLW\ DQG adipsin IURP XQLQIHFWHG FHOO '1$ 3&5V IRU
UL83 DQG adipsin ZHUH FDUULHG RXW RQ D %LR5DG&); PDFKLQH XVLQJ
6VR$GYDQFHG 8QLYHUVDO 6<%5 *UHHQ 6XSHUPL[ %LR5DG DV SHU WKH
PDQXIDFWXUHU
V LQVWUXFWLRQV /LQHDU UHJUHVVLRQ DQDO\VLV RI UL83 DQG adipsin
VWDQGDUGVLQWULSOLFDWH\LHOGHG5YDOXHVRIDQG7KHPHDQQXPEHURI
FRSLHV RI WKH YLUDO JHQH UL83 SHU FRS\ RI WKH FHOOXODU JHQH adipsin ZDV
FDOFXODWHGIURPWKHWULSOLFDWHVDPSOHVDVVD\HG

,PPXQRIOXRUHVFHQFH [+)) FHOOVZHUH SODWHG RQ JODVV FRYHUVOLSV &HOOV
ZHUH XQLQIHFWHG RU LQIHFWHG ZLWK $' 02,  &HOOV ZHUH IL[HG LQ LFHFROG
PHWKDQRO DW WLPH SRLQWV LQGLFDWHG LQ WKH WH[W $IWHU ZDVKLQJ LQ 'XOEHFFR
V
SKRVSKDWHEXIIHUHGVDOLQH'3%6VDPSOHVZHUHSHUPHDELOL]HGZLWK7ULWRQ
;GLVVROYHG LQ'3%6DW URRP WHPSHUDWXUH 57 IRUPLQ7KHFHOOVZHUH
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ZDVKHG DJDLQ ZLWK '3%6 DQG LQFXEDWHG LQ  ERYLQH VHUXP DOEXPLQ %6$
GLVVROYHG LQ'3%6 IRUKDW573ULPDU\DQWLERGLHV LQ%6$GLVVROYHG LQ
'3%6ZHUHDSSOLHGDQG LQFXEDWHG IRUKDW&$QWLVHUXPZDV UHPRYHGE\
ZDVKLQJFHOOVRQFHLQ7ZHHQGLVVROYHGLQ'3%6DQGWZLFHZLWK'3%6HDFK
WLPH IRU  PLQ ZLWK URFNLQJ 7KLV SURFHGXUH ZDV UHSHDWHG IRU WKH VHFRQGDU\
DQWLERGLHV'$3,ƍGLDPLGLQRSKHQ\OLQGROHZDVDSSOLHGLQWKHODVWPLQRI
WKH VHFRQGDU\ DQWLERG\ LQFXEDWLRQ &RYHUVOLSV ZHUH PRXQWHG RQ PLFURVFRSH
VOLGHV ZLWK 3UR/RQJ $QWLIDGH ,QYLWURJHQ0ROHFXODU 3UREHV $OO LPDJLQJ
H[SHULPHQWV ZHUH SHUIRUPHG DW WKH 1LNRQ ,PDJLQJ &HQWHU DW +DUYDUG 0HGLFDO
6FKRRO XVLQJ D 1LNRQ 7L PLFURVFRSH ZLWK D VSLQQLQJ GLVN FRQIRFDO ODVHU DW D
PDJQLILFDWLRQ RI î ,PDJHV VKRZQ ZHUH REWDLQHG E\ DFTXLULQJ VHTXHQWLDO
RSWLFDOSODQHVLQWKHzD[LVXVLQJWKH0HWD0RUSKSURJUDP
$OOSULPDU\DQWLERGLHVUHFRJQL]LQJ8/RU3,.&$%'%LRVFLHQFH
ZHUH XVHG DW D GLOXWLRQ RI  $OO IOXRUHVFHQWO\ ODEHOHG VHFRQGDU\
DQWLERGLHV $OH[D)OXRU  RU$OH[D)OXRU ZHUH REWDLQHG IURP0ROHFXODU
3UREHVDQGXVHGDWDGLOXWLRQRI

(OHFWURQ 0LFURVFRS\ &HOOV ZHUH WUDQVIHFWHG ZLWK VL51$ DQG LQIHFWHG DV
RXWOLQHGDERYH,QIHFWHGFHOOVZHUH LQFXEDWHGIRUKRXUDWURRPWHPSHUDWXUH LQ
IL[DWLYHJOXWDUDOGHK\GHSDUDIRUPDOGHK\GHDQGSLFULFDFLG LQ
 0 VRGLXP FDFRG\ODWH EXIIHU S+  DW WKH LQGLFDWHG WLPH SRLQWV SRVW
LQIHFWLRQ &HOOV ZHUH SURYLGHG WR WKH +DUYDUG 0HGLFDO 6FKRRO (OHFWURQ
0LFURVFRSH)DFLOLW\DQGZDVKHGLQ0VRGLXPFDFRG\ODWHEXIIHUS+WKHQ
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SRVWIL[HG IRU  PLQ LQ  2VPLXP WHWUR[LGH 2V2 SRWDVVLXP
IHUURF\DQLGH.)H&1ZDVKHGLQZDWHU[DQGLQFXEDWHGLQDTXHRXVXUDQ\O
DFHWDWHIRUPLQIROORZHGE\ZDVKHVLQZDWHUDQGVXEVHTXHQWGHK\GUDWLRQLQ
HWKDQRO PLQ HDFK   [ &HOOVZHUH UHPRYHG IURP WKH
GLVKLQSURS\OHQHR[LGHSHOOHWHGDWUSPIRUPLQDQGLQILOWUDWHGIRUKUVLQD
PL[WXUHRISURS\OHQHR[LGHDQG7$$%(SRQ0DULYDF&DQDGD,QF6W/DXUHQW
&DQDGD 7KH VDPSOHV ZHUH VXEVHTXHQWO\ HPEHGGHG LQ 7$$% (SRQ DQG
SRO\PHUL]HGDW R& IRU KUV8OWUDWKLQ VHFWLRQV DERXW QPZHUH FXW RQD
5HLFKHUW 8OWUDFXW6PLFURWRPH SLFNHG XS RQ WR FRSSHU JULGV VWDLQHGZLWK OHDG
FLWUDWH $OO VDPSOHV ZHUH H[DPLQHG DQG LPDJHV ZHUH UHFRUGHG XVLQJ D -(2/
(; 7UDQVPLVVLRQ HOHFWURQ PLFURVFRSH DQG DQ $07 N &&' FDPHUD
UHVSHFWLYHO\

3UHSDUDWLRQRIYLULRQV IURPVL51$ WUHDWHGFHOOV IRUZHVWHUQEORWWLQJ +))
FHOOV ZHUH WUDQVIHFWHG ZLWK HLWKHU &WUO RU 3,.&$ VL51$ DQG LQIHFWHG DV
RXWOLQHGDERYH$WKRXUVSRVWLQIHFWLRQYLUDOVXSHUQDWDQWIURPIRXU&WUORUIRXU
3,.&$ VL51$ WUDQVIHFWLRQV ZDV FROOHFWHG PO LQ WRWDO 6XSHUQDWDQWV ZHUH
FODULILHGE\FHQWULIXJDWLRQJPLQVR&WRUHPRYHFHOOVDQGFHOOGHEULV
9LULRQVZHUHWKHQSHOOHWHGIURPVXSHUQDWDQWVE\XOWUDFHQWULIXJDWLRQUSP
KRXU R& 3HOOHWV ZHUH UHVXVSHQGHG LQ  µO RI SKRVSKDWH EXIIHUHG VDOLQH
*LEFR 7R WHVW IRU SURWHFWLRQ IURP SURWHDVH GLJHVWLRQ WHQ µO RI HDFK
UHVXVSHQGHGSHOOHWZDVPL[HGZLWKµORI WU\SVLQ*LEFRDQG LQFXEDWHG IRU
KRXUDWHLWKHUR&RUR&$IWHULQFXEDWLRQµORI[/DHPPOLEXIIHUFRQWDLQLQJ
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βPHUFDSWRHWKDQROZDVDGGHGWRHDFKVDPSOHVDQGLQFXEDWHGDWR&IRU
PLQV)RUHDFKZHVWHUQEORWµORIHDFKVDPSOHZDVDQDO\]HG

 
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5(68/76

'HYHORSPHQW RI D KLJK WKURXJKSXW VFUHHQLQJ PHWKRGRORJ\ 7R
LGHQWLI\ VL51$V WKDW FDQDIIHFW+&09 UHSOLFDWLRQZH VRXJKW WR GHYHORSDKLJK
WKURXJKSXW VFUHHQLQJ PHWKRGRORJ\ ,Q RXU LQLWLDO VWXGLHV ZH DWWHPSWHG WR
HVWDEOLVKDVFUHHQLQZKLFKSODWHVRIFHOOVZHUHWUHDWHGZLWKVL51$VDQGLQIHFWHG
ZLWK YLUXVHV H[SUHVVLQJ UHSRUWHUV VXFK DV JUHHQ IOXRUHVFHQW SURWHLQ *)3 RU
OXFLIHUDVHGDWDQRWVKRZQ+RZHYHUZHIRXQGWKDWUHSRUWHUH[SUHVVLRQZDVQRW
VXIILFLHQW WR EH UHDGLO\ GHWHFWHG LQ RXU DVVD\ GDWD QRW VKRZQ DQG ZH IRXQG
FRQVLGHUDEOH ZHOOWRZHOO YDULDWLRQ LQ WKH QXPEHUV RI*)3 SRVLWLYH FHOOV ZKLFK
PD\ EH GXH LQ SDUW WR SURGXFWLRQ RI SDUWLFOHV WKDW LQLWLDWH DERUWLYH LQIHFWLRQV
7KHVH LVVXHV ZHUH IRXQG LQ DOO FHOO OLQHV WHVWHG LQFOXGLQJ KXPDQ IRUHVNLQ
ILEUREODVWV +))VDQG80*FHOOVZKHUHDGGLWLRQDO LVVXHVDURVHGXH WRDW
OHDVW WHQIROG ORZHU WLWHUV GDWD QRW VKRZQ 7KHUHIRUH ZH FKRVH QRW SXUVXH D
VFUHHQEDVHGRQGHWHFWLRQRI D UHSRUWHUSURWHLQH[SUHVVHG IURPD UHFRPELQDQW
+&09 YLUXV ,QVWHDG ZH GHFLGHG WR HVWDEOLVK DQ DXWRPDWHG KLJK WKURXJKSXW
VFUHHQLQJPHWKRGRORJ\EDVHGRQWKHGHWHFWLRQRIDYLUDODQWLJHQE\PLFURVFRS\
VLPLODU WRVL51$VFUHHQVFUHDWHGE\.R\XQFXDQGFRZRUNHUVRU%UDVVDQGFR
ZRUNHUVWRLQWHUURJDWHZKDWFHOOXODUIDFWRUVDUHUHTXLUHGIRUUHSOLFDWLRQRI+&09
DQGDYDULHW\RIRWKHUYLUXVHV,QSUHOLPLQDU\H[SHULPHQWVZHIRXQGWKDW
DQWLERG\VWDLQLQJRI+))FHOOVWRGHWHFWWKDWYLUDODQWLJHQSSZDVDFRQYHQLHQW
UHSURGXFLEOH DQG VWDWLVWLFDOO\ UREXVW PHWKRGRORJ\ WR GHWHFW +&09 UHSOLFDWLRQ
WKDW XQOLNH RXU SUHOLPLQDU\ H[SHULPHQWV FRXOG EH UHDGLO\ GHWHFWHG DQG GLG QRW
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H[KLELWZHOOWRZHOOYDULDWLRQWKDWZRXOGPDNHGDWDLQWHUSUHWDWLRQSUREOHPDWLF$V
SS LV H[SUHVVHG ODWH LQ LQIHFWLRQ WKLV DOORZHG RXU VFUHHQ WR LGHQWLI\ IDFWRUV
DIIHFWLQJDOOVWDJHVRIYLUXVUHSOLFDWLRQWKURXJKWRODWHJHQHH[SUHVVLRQLQFOXGLQJ
YLUXVDWWDFKPHQWHQWU\WUDQVFULSWLRQDODFWLYDWLRQDQGJHQRPHUHSOLFDWLRQ

+LJK WKURXJKSXW VFUHHQLQJRI VL51$V:HWKHQFDUULHGRXWDQVL51$
VFUHHQ DV RXWOLQHG LQ )LJ $ %ULHIO\ KXPDQ IRUHVNLQ ILEUREODVWV +))VZHUH
WUDQVIHFWHG LQ WULSOLFDWH ZLWK VL51$V IURP WKH 'KDUPDFRQ NLQDVHSKRVSKDWDVH
FROOHFWLRQ OLVWHG LQ 7DEOH 6 7KLV FROOHFWLRQ RI  SRROV RI  VL51$ WDUJHWV
P51$ HQFRGLQJ NLQDVHV LQFOXGLQJ QHDUO\ DOO SURWHLQ NLQDVHV  QXFOHRVLGH
NLQDVHV DQG  OLSLG NLQDVHV DQG NLQDVH UHODWHG SURWHLQV LQFOXGLQJ  GXDO
VSHFLILFLW\SKRVSKDWDVHVDQGSURWHLQV WKDW LQWHUDFWZLWKNLQDVHV VXFKDV&'
$VQHJDWLYHDQGSRVLWLYHFRQWUROVIRUVL51$WUHDWPHQWZHOOVLQHDFKSODWHZHUH
WUHDWHG ZLWK HLWKHU 'KDUPDFRQ QRQWDUJHWLQJ VL51$  &UWO VL51$ RU VL51$
WDUJHWLQJpolo-like kinase 13/.P51$UHVSHFWLYHO\3/.LVURXWLQHO\XVHG
DV D SRVLWLYH FRQWURO LQ VL51$ VFUHHQLQJ DV GHSOHWLRQ RI 3/. LQGXFHV
DSRSWRVLV 8QGHU FRQGLWLRQV XVHG KHUH ZH IRXQG WKDW WUHDWPHQW ZLWK 3/.
VL51$LQKLELWV+&09UHSOLFDWLRQZLWKRXWDVWDWLVWLFDOO\VLJQLILFDQWGHFUHDVHLQWKH
QXPEHURIFHOOVSHUZHOO7KXVHYHQWKRXJKWKLVWUHDWPHQWLVF\WRWR[LFLWIXOILOOHG
WKH FRQGLWLRQV RI WKH VFUHHQ WR VHUYH DV D SRVLWLYH FRQWURO VHH 0DWHULDOV 	
0HWKRGVDQGEHORZ(DFKFRQWURODQGVFUHHQHGVL51$XVHGFRQWDLQHGDSRRORI
LQGLYLGXDOVL51$V+))ZHUHLQFXEDWHGZLWKVL51$IRUKRXUV,QSUHOLPLQDU\
H[SHULPHQWV  KRXU LQFXEDWLRQ ZDV UHTXLUHG WR GHSOHWH SURWHLQV WR QHDU
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XQGHWHFWDEOHOHYHOVE\ZHVWHUQEORWWLQJDIWHUWUHDWPHQWZLWKDQXPEHURIVL51$V
LQ WKH'KDUPDFRQNLQDVHSKRVSKDWDVHFROOHFWLRQ GDWDQRWVKRZQDQG)LJV$
DQG&$IWHULQFXEDWLRQVL51$WUDQVIHFWHG+))FHOOVZHUHLQIHFWHGZLWK+&09
VWUDLQ$'DWDPXOWLSOLFLW\RILQIHFWLRQRI02,,QSUHOLPLQDU\H[SHULPHQWV
WKLV02,SURYLGHGWKHPRVWVWDWLVWLFDOO\UREXVWGDWDGDWDQRWVKRZQ$WKRXUV
SRVW LQIHFWLRQ KSL FHOOV ZHUH VWDLQHG ZLWK +RHVFKW  WR GHWHFW QXFOHDU
'1$DQG&HOO0DVNWRLGHQWLI\WKHFHOOF\WRSODVPSOXVWUHDWHGZLWKDQWLERGLHVWR
GHWHFW SS $Q DXWRPDWHG PLFURVFRS\ V\VWHP ZDV WKHQ XVHG WR DVVD\ WKH
QXPEHURIFHOOVLQHDFKZHOODQGWKHQXPEHURIFHOOVFRQWDLQLQJSS$QLPDJH
RI LQIHFWHG FHOOV WUHDWHG DV GHVFULEHG DERYH DQG FDSWXUHG XVLQJ DXWRPDWHG
PLFURVFRS\ LV VKRZQ LQ)LJXUH %'1$DQG FHOOV VWDLQHGZLWK+RHVFKW 
DQG &HOO0DVN DUH VKRZQ LQ EOXH DQG UHG UHVSHFWLYHO\ 7KH F\WRSODVPLF
ORFDOL]DWLRQRISSLQYLUDODVVHPEO\FRPSDUWPHQWVLVVKRZQLQJUHHQ
:HWKHQSURFHVVHGWKHVFUHHQLQJGDWD6SHFLILFDOO\WKHPHDQQXPEHURI
FHOOV LQHDFKZHOOSHUSODWHZDVGHWHUPLQHGE\FRXQWLQJWKHQXPEHURI+RHFKVW
VWDLQHGQXFOHL:KHUHWKHQXPEHURIFHOOVLQDQ\ZHOOZDVOHVVWKDQIROGEHORZ
WKHPHDQQXPEHURIFHOOVRI WKHSODWH WKHVL51$ LQ WKDWZHOOZDV MXGJHG WREH
JURVVO\F\WRWR[LF)LYHKXQGUHGDQGVHYHQW\WZRVL51$VOLVWHGLQ7DEOH6GLG
QRW SDVV WKLV WHVW DQGZHUHQRW DQDO\]HG IXUWKHU'DWD IURP WKH UHPDLQLQJ
ZHOOV RQ WULSOLFDWH SODWHVZHUH FRQYHUWHG WR D ]VFRUH WKH QXPEHU RI VWDQGDUG
GHYLDWLRQV IURP WKHPHDQ RI WKH GDWD   WR GHPRQVWUDWH WKH SRVLWLYH RU
QHJDWLYHHIIHFWRI VL51$RQ WKHQXPEHURISSSRVLWLYH FHOOVGHWHFWHG7KHVH
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GDWDZHUH WKHQFRPELQHG WR ILQG WKHPHDQ]VFRUHRIHDFKSRRORIVL51$)LJ
&DQGOLVWHGLQ7DEOH6

$QDO\VLVRIVL51$WKDWKDYHSRVLWLYHDQGQHJDWLYHHIIHFWVRQ+&09
UHSOLFDWLRQ:HDGMXGJHGDQ\VL51$WKDWSURGXFHGD]VFRUHEHWZHHQWRWR
KDYHKDGOLWWOHRUQRHIIHFWRQ+&09UHSOLFDWLRQZKHUHDVWKRVHZLWK]VFRUHVRI
WRDQGWRKDGPRGHVWQHJDWLYHRUSRVLWLYHHIIHFWVRQ+&09UHSOLFDWLRQ
UHVSHFWLYHO\+RZHYHUVL51$VZLWK]VFRUHVRIOHVVWKDQRUPRUHWKDQZHUH
GHHPHG WR KDYH VWURQJ QHJDWLYH RU SRVLWLYH HIIHFWV RQ +&09 UHSOLFDWLRQ
UHVSHFWLYHO\7ZHQW\ILYHVL51$VZHUHIRXQGWRKDYHPRGHVWSRVLWLYHHIIHFWVRQ
+&09 UHSOLFDWLRQ DQG  VL51$V KDG PRGHVW QHJDWLYH HIIHFWV RQ +&09
UHSOLFDWLRQ 1R VL51$ ZDV IRXQG WR KDYH D VWURQJ SRVLWLYH HIIHFW RQ +&09
UHSOLFDWLRQ ZKHUHDV  VL51$V VL51$V WDUJHWLQJ P51$ HQFRGLQJ 3,.&$
&' (;26& DQG:1. KDG VWURQJ QHJDWLYH HIIHFWV RQ +&09 UHSOLFDWLRQ
)LJ&DQGOLVWHGLQ7DEOH6

%LRLQIRUPDWLFVDQDO\VLVRIVL51$VFUHHQLQJUHVXOWV WRDVVD\IRURII
WDUJHWHIIHFWVRIVL51$WUHDWPHQW)DOVHSRVLWLYHUHVXOWVFDQEHIRXQGLQVL51$
VFUHHQV GXH WR RIIWDUJHW ELQGLQJ RI VL51$V 2IIWDUJHW VL51$ ELQGLQJ LV PRVW
OLNHO\ WR RFFXU LQ WKH ¶ XQWUDQVODWHG UHJLRQ ¶ 875 RIP51$   ZKHUH
VL51$ H[KLELW PLFUR51$OLNH SURSHUWLHV XSRQ ELQGLQJ RI D OLPLWHG QXPEHU RI
EDVHVDNLQ WRDPLFUR51$VHHG UHJLRQ WRP51$ ,QGHHG LWKDVEHHQ
SURSRVHGWKDWWKHGDWDUHWXUQHGIURPVRPHVFUHHQVLVWKHUHVXOWRIXQLQWHQWLRQDO
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VFUHHQLQJRISDUWLDOVHHGVHTXHQFHPDWFKHVDQGQRWRQWDUJHWELQGLQJRIVL51$
 7KHUHIRUH XVLQJ JHQRPHZLGH HQULFKPHQW RI VHHG VHTXHQFHV PDWFKHV
*(66   ZH LQYHVWLJDWHG LI WKH VL51$V VFUHHQHG LQ WKLV VWXG\ DOO 
VL51$V WKDW FRQVWLWXWH WKH SRROV RI VL51$V XVHG DUH HQULFKHG ZLWK VHHG
VHTXHQFHVWKDWFRXOGELQGHLWKHUKXPDQ¶875VRUIXOOKXPDQP51$WUDQVFULSWV
:H IRXQGQR VWDWLVWLFDO HYLGHQFH WKDW VL51$V VFUHHQHGKHUH DUH HQULFKHGZLWK
VHHG VHTXHQFHV WKDW ZRXOG ELQG WR DQ\ KXPDQ P51$ VHTXHQFH GDWD QRW
VKRZQ 7KH ELQGLQJ RI VL51$ WR WKH VHTXHQFH RI WKH HQWLUH +&09 $'
JHQRPH ZDV DOVR DVVD\HG DQG LW ZDV IRXQG WKDW WKHUH ZDV QR VWDWLVWLFDOO\
VLJQLILFDQW HYLGHQFH IRU HQULFKPHQW RI VHHG VHTXHQFHV LQ WKH VL51$V DVVD\HG
WKDWZRXOGELQGWRDQ\VHTXHQFHLQWKHYLUDOJHQRPHGDWDQRWVKRZQ
:H VRXJKW WR FRQILUP WKLV DQDO\VLV E\ DQDO\]LQJ WKH ELQGLQJ RI VL51$V
IURP WKH WRS ³KLWV´ IURPRXU VFUHHQ VL51$V WDUJHWLQJP51$HQFRGLQJ3,.
&$ &' (;26& DQG :1. )LJ& XVLQJ +D\VWDFN  DQRWKHU
ELRLQIRPDWLFDQDO\VLV WKDWVHDUFKHV IRUVWDWLVWLFDOO\VLJQLILFDQWPDWFKHVRIVL51$
VHTXHQFHVZLWK¶875 WUDQVFULSWV:H IRXQGQRVWDWLVWLFDOO\VLJQLILFDQWPDWFKHV
EHWZHHQWKHVL51$VWHVWHGZLWKKXPDQRU+&09¶875VGDWDQRWVKRZQ
7KHUHIRUH WKH HIIHFWV RI VL51$V MXGJHG WR EH WR[LF RU KDYH QHJDWLYH RU
SRVLWLYH HIIHFWV RQ+&09 UHSOLFDWLRQ LQ RXU DQDO\VLVPD\ QRW EH EH GXH WR RII
WDUJHWELQGLQJRIVL51$VHHGPDWFKHVWRKXPDQRU+&09P51$WUDQVFULSWV
:HWKHQFRPSDUHGKLWVZLWK]VFRUHVRIOHVVWKDQDQGJUHDWHUWKDQWR
D SURWHRPLF GDWDVHW WKDW OLVWV DOO YLUDO DQG FHOOXODU SURWHLQV GHWHFWHG LQ +&09
LQIHFWHG +)) FHOOV  7DEOH 6 :H IRXQG WKDW D QXPEHU RI SURWHLQV
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SXUSRUWHGO\GHSOHWHGE\VL51$VLQRXUVFUHHQZHUHQRWIRXQGLQ+&09LQIHFWHG
+)) FHOOV  RI  KLWV DQG  RI  KLWVZLWK QHJDWLYH DQG SRVLWLYH HIIHFWV RI
+&09 UHSOLFDWLRQ UHVSHFWLYHO\ 7KHUHIRUH DOWKRXJK *(66 DQG +D\VWDFN
LQGLFDWHVWKDWRIIWDUJHWVL51$ELQGLQJGRHVQRWRFFXUVHYHUDO IDOVHSRVLWLYHV LQ
RXUVFUHHQLQJGDWDFRXOGEHLGHQWLILHG

3,.&$VL51$VGHSOHWH3,.&$DQGVSHFLILFDOO\UHGXFHQXPEHUV
RI SSLQIHFWHG FHOOV:H WKHQFKRVH WR IRFXVRXUVWXGLHVRQRQHRI WKH WRS
³KLWV´LQRXUVFUHHQ3,.&$DQG(;26&EXWQRW&'RU:1.KDYHEHHQ
IRXQG LQ +)) FHOOV LQIHFWHG ZLWK +&09  7DEOH 6 7KHUHIRUH &' DQG
:1.ZHUHH[FOXGHG IURP IXUWKHUDQDO\VLVVL51$V WDUJHWLQJPI3K-C2AP51$
KDGWKHJUHDWHVWQHJDWLYHHIIHFWLQRXUVFUHHQDQGDUROHIRU3,.&$LQ+&09
UHSOLFDWLRQKDGQRW WRRXUNQRZOHGJHEHHQSUHYLRXVO\ UHSRUWHG:H WKHUHIRUH
GHFLGHGWRIRFXVRQWKHUROHRI3,.&$LQ+&09UHSOLFDWLRQ:HILUVWH[DPLQHG
WKHHIIHFWVRIHDFKRIWKHLQGLYLGXDO3,.&$VL51$V3,.&$WRIURP
WKH3,.&$VL51$SRROZDVWHVWHGIRULWVDELOLW\WRLQKLELW+&09UHSOLFDWLRQE\
DVVD\LQJFHOOQXPEHUDQGSSH[SUHVVLRQXVLQJWKHVFKHPHVKRZQLQ)LJ$
&RPSDUHGWRFHOOVWUHDWHGZLWK&WUOVL51$WUHDWPHQWRIFHOOVZLWKHDFK3,.&$
VL51$ KDG QR VWDWLVWLFDOO\ VLJQLILFDQW HIIHFW RQ FHOO QXPEHU   RI '062
FRQWURO)LJ$DQGUHVXOWHGLQDVWDWLVWLFDOO\VLJQLILFDQWGHFUHDVHLQWKHQXPEHU
RISSH[SUHVVLQJFHOOVE\DWOHDVW)LJ%7KLVFRQILUPHGWKDW3,.&$
LV LQYROYHG LQ +&09 UHSOLFDWLRQ DQG LPSOLHG WKDW WKH HIIHFW RI WKH 3,.&$
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 
VL51$SRROXVHGLQRXUVFUHHQZDVGXHWRGHSOHWLRQRI3,.&$QRWUHVXOWRIDQ
RIIWDUJHWHIIHFWRIDQ\RQHVL51$LQWKHVL51$SRRO

(IIHFWRI3,.&$VL51$RQSURGXFWLRQRILQIHFWLRXV+&09:HWKHQ
DVVD\HG WKH HIIHFWV RI3,.&$ VL51$RQ SURGXFWLRQ RI LQIHFWLRXV YLUXV+))
FHOOV ZHUH WUHDWHG ZLWK HLWKHU &WUO VL51$ 3,.&$ VL51$ RU WKH  LQGLYLGXDO
3,.&$VL51$VIURPWKH3,.&$VL51$SRRO3,.&$WRDQGLQIHFWHG
ZLWK+&09 $W YDULRXV WLPH SRLQWV VXSHUQDWDQWVZHUH FROOHFWHG IRU WLWUDWLRQ RI
LQIHFWLRXVYLUXVDQGLQIHFWHGFHOOVZHUHSUHSDUHGIRUZHVWHUQEORWWLQJ&RPSDUHG
WRWUHDWPHQWRIFHOOVZLWK&WUOVL51$WUHDWPHQWRIFHOOVZLWK3,.&$VL51$RU
LQGLYLGXDO 3,.&$ VL51$V UHVXOWHG LQ D FOHDU GHFUHDVH LQ DFFXPXODWLRQ RI
3,.&$ LQ LQIHFWHG FHOOV )LJV $DQG& DQGDGHFUHDVH LQ SURGXFWLRQRI
LQIHFWLRXV YLUXV RYHU WLPH  DQG IROG ZLWK 3,.&$ DW  KSL
UHVSHFWLYHO\ DQG  WR IROG ZLWK LQGLYLGXDO VL51$V )LJV % DQG '
UHVSHFWLYHO\ ,Q WKHVH DQG VXEVHTXHQW ZHVWHUQ EORWV WKH DPRXQW RI ȕDFWLQ LQ
HDFK VDPSOH ZDV DOVR DVVD\HG ZKLFK GHPRQVWUDWHG HTXLYDOHQW ORDGLQJ RI
VDPSOHV LQ HDFK ODQH 7KHUHIRUH GHSOHWLRQ RI 3,.&$ LQ LQIHFWHG FHOOV ZDV
DVVRFLDWHG ZLWK D GHIHFW LQ WKH SURGXFWLRQ RI LQIHFWLRXV +&09 YLUXV $OVR D
GHFUHDVH LQSURGXFWLRQRI YLUXV IURPVL51$ WUHDWHGFHOOV VLPLODU WR WKDW VHHQ LQ
)LJXUH % ZDV REVHUYHG IURP +)) FHOOV WUHDWHG ZLWK HLWKHU &WUO RU 3,.&$
VL51$ZKHQLQIHFWHGZLWK+&09VWUDLQ0HUOLQGDWDQRWVKRZQ7KXV3,.&$
LVUHTXLUHGIRUUHSOLFDWLRQRIDWOHDVWWZRGLIIHUHQW+&09VWUDLQV
 
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 
([DPLQDWLRQRIYLUDOSURWHLQDQG'1$SURGXFWLRQLQFHOOVWUHDWHGZLWK
VL51$:HQH[W VRXJKW WR XQGHUVWDQGKRZ+&09 UHSOLFDWLRQZDV LQKLELWHGE\
WKH ORVV RI 3,.&$ 7KHUHIRUH ZHVWHUQ EORWWLQJ ZDV XVHG WR DQDO\]H WKH
DFFXPXODWLRQRI LPPHGLDWHHDUO\ ,(,(HDUO\ 8/DQG ODWH SS+&09
SURWHLQVDQG3,.&$LQO\VDWHRI+))FHOOVWUHDWHGZLWKHLWKHU&WUORU3,.&$
VL51$DQG LQIHFWHGZLWK+&09)LJ7UHDWPHQWRI+))FHOOVZLWK3,.&$
VL51$UHVXOWHGLQDORVVRI3,.&$DFFXPXODWLRQLQ+&09LQIHFWHGFHOOV)LJ
$+RZHYHUZH IRXQGQRREYLRXVGLIIHUHQFH LQ WKHDFFXPXODWLRQRIDQ\YLUDO
SURWHLQ )LJ $:H UHDVRQHG WKDW WKLV PD\ EH GXH WR KLJK OHYHOV RI SURWHLQ
SURGXFHG ODWH LQ YLUXV UHSOLFDWLRQ VDWXUDWLQJ WKH VLJQDO IURP RXU ZHVWHUQ EORWV
7KHUHIRUHZHFUHDWHGGLOXWLRQVHULHVIURPWKHVDPSOHVWDNHQDWDQGKSL
LQ)LJXUH$DQGVXEMHFWHGWKHVHVDPSOHVWRZHVWHUQEORWWLQJ)LJ%:HIRXQG
QR REYLRXV GLIIHUHQFH LQ DFFXPXODWLRQ RI HLWKHU ,( RU 8/ +RZHYHU
FRQVLVWHQWZLWKWKHGDWDLQ)LJXUHVDQGZHREVHUYHGDaIROGGLIIHUHQFHLQ
DFFXPXODWLRQ RI SS LQ FHOOV WUHDWHG ZLWK 3,.&$ VL51$ FRPSDUHG WR &WUO
VL51$ )LJ % $ VLPLODU UHGXFWLRQ LQ WKH H[SUHVVLRQ RI WKH ODWH YLUDO DQWLJHQ
8/ZDVREVHUYHGGDWDQRWVKRZQ+RZHYHU ORVVRIYLUDOSURGXFWLRQ)LJ
LQWKHSUHVHQFHRI3,.&$VL51$LVJUHDWHUWKDQWKHPRGHVWGHFUHDVHLQSS
H[SUHVVLRQWKDWZHREVHUYHLQ)LJ%7KHUHIRUHGHSOHWLRQRI3,.&$LVOLNHO\
WR LQKLELW WKH SURGXFWLRQ RU IXQFWLRQ RI YLUDO RU FHOOXODU IDFWRUV LPSRUWDQW IRU
SURGXFWLYHUHSOLFDWLRQRWKHUWKDQSS
$V+&09 ODWHJHQHH[SUHVVLRQ LV UHODWHG WRYLUDO'1$V\QWKHVLV ZH
K\SRWKHVL]HG WKDWDGHFUHDVH LQSSSURWHLQPLJKW UHIOHFW DGHIHFW LQJHQRPH
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 
UHSOLFDWLRQ 7KHUHIRUH ZH WUHDWHG +)) ZLWK &WUO RU 3,.&$ VL51$ DQG DIWHU
LQIHFWLRQ XVHG TXDQWLWDWLYH UHDOWLPH 3&5 WR DVVD\ WKH QXPEHU RI +&09
JHQRPHV LQ LQIHFWHG FHOOV DW  KSL 7KH QXPEHU RI YLUDO JHQRPHV SUHVHQW LQ
HDFK&WUORU3,.&$VL51$WUHDWHGVDPSOHZDVGHWHUPLQHGE\QRUPDOL]LQJWKH
FRS\ QXPEHU RI D YLUDO ORFXV UL83 WR WKH FRS\ QXPEHU RI D FHOOXODU ORFXV
adipsin :H IRXQG QR REYLRXV GHFUHDVH LQ WKH DFFXPXODWLRQ RI YLUDO '1$
EHWZHHQLQIHFWHGFHOOVWKDWKDGEHHQWUHDWHGZLWKHLWKHU&WUORU3,.&$VL51$
DQGFRSLHVUL83FRSLHVadipsinUHVSHFWLYHO\7KHUHIRUHWKHGHIHFW
LQYLUXVUHSOLFDWLRQDQGORVVRISSH[SUHVVLRQLQWKHDEVHQFHRI3,.&$ZDV
XQOLNHO\WREHGXHWRDGHIHFWLQYLUDO'1$UHSOLFDWLRQ

$QDO\VLVRI+&09FDSVLGDQGYLULRQSURGXFWLRQLQFHOOVWUHDWHGZLWK
3,.&$ VL51$ :H WKHQ HPSOR\HG HOHFWURQ PLFURVFRS\ (0 DQDO\VLV WR
IXUWKHU LQYHVWLJDWH KRZ 3,.&$ LV LQYROYHG LQ +&09 UHSOLFDWLRQ:H WUHDWHG
FHOOVZLWK HLWKHU&WUO RU3,.&$ VL51$DQG DIWHU LQIHFWLRQ VXEPLWWHG FHOOV IRU
(0DQDO\VLVDQGFRXQWHGWKHQXPEHURIYLUDOFDSVLGVSUHVHQWLQWKHQXFOHXVDQG
F\WRSODVP LQ ZKROH FHOO VHFWLRQV RI ILYH FHOOV )LJV $ DQG % UHVSHFWLYHO\
+&09FDSVLGVFDQEHIRXQGLQIRUPV$FDSVLGVQRQSURGXFWLYHIRUPVWKRXJKW
WRUHVXOWIURPIDLOHGSDFNDJLQJRIYLUDOJHQRPHV%FDSVLGVIRUPVWKDWFRQWDLQD
VFDIIROGLQJ SURWHLQ EXW QR'1$ DQG& FDSVLGV DVVHPEOHG IRUPV LQZKLFK WKH
VFDIIROGLQJ SURWHLQ KDV EHHQ UHPRYHG DQG UHSODFHG ZLWK YLUDO '1$ :H
WKHUHIRUHDOVRFRXQWHGWKHQXPEHURIHDFKIRUPRI+&09FDSVLGIRXQGLQVL51$
WUHDWHG FHOOV )LJ $ DQG % ,Q ERWK &WUO DQG 3,.&$ VL51$ WUHDWHG FHOOV
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DSSUR[LPDWHO\ IROGPRUH FDSVLGVZHUH IRXQG LQ WKH QXFOHXV FRPSDUHG WR WKH
F\WRSODVPDQGZHIRXQGQRREYLRXVGLIIHUHQFHLQWKHQXPEHURIDQ\IRUPRIWKH
+&09FDSVLGLQHLWKHUWKHQXFOHXVRUWKHF\WRSODVP7KHUHIRUHWKHORVVRI3,.
&$ GLG QRW DIIHFW WKH SURGXFWLRQ RI FDSVLGV LQFOXGLQJ JHQRPH FRQWDLQLQJ &
FDSVLGV WKDW OHDG WR LQIHFWLRXV YLULRQV RU WKH PRYHPHQW RI FDSVLGV IURP WKH
QXFOHXVWRWKHF\WRSODVP
 +RZHYHUFRPSDUHGWRFHOOVWUHDWHGZLWK&WUOVL51$ZHQRWHGWKDWLQFHOOV
WUHDWHG ZLWK 3,.&$ VL51$ WKHUH ZDV DQ aIROG LQFUHDVH LQ WKH QXPEHU RI
F\WRSODVPLFFDSVLGVVXUURXQGHGE\OLSLGELOD\HUHQYHORSHVLQWKHF\WRSODVP)LJ
& 6XFK SDUWLFOHV DUH WKRXJKW WR KDYH XQGHUJRQH VHFRQGDU\ HQYHORSPHQW D
ODWH VWHS LQ YLULRQ PDWXUDWLRQ SULRU WR HJUHVV IURP WKH FHOO ([DPSOHV RI VXFK
HQYHORSHGFDSVLGVLQFHOOVWUHDWHGZLWK3,.&$VL51$DUHVKRZQLQ)LJ(L
7KHUHIRUHGHSOHWLRQRI3,.&$SURGXFHGDQDFFXPXODWLRQRIFDSVLGVWKDWKDG
XQGHUJRQHVHFRQGDU\HQYHORSPHQWLQWKHF\WRSODVPZKLFKPD\UHIOHFWDGHIHFW
LQWKHDELOLW\RIWKHVHSDUWLFOHVWRHJUHVVIURPWKHFHOO
:HQRWHGWKDWLQRXU(0DQDO\VLVPRUHH[WUDFHOOXODUYLULRQVOHDYLQJWKHFHOO
ZHUHIRXQGLQFHOOVWUHDWHGZLWK&WUOVL51$FRPSDUHGWRWKRVHWUHDWHGZLWK3,.
&$ VL51$ )LJ ' $Q H[DPSOH RI D YLULRQ OHDYLQJ D FHOO WUHDWHG ZLWK &WUO
VL51$ LV VKRZQ LQ )LJ (LL $OWKRXJK WKLV GLIIHUHQFH ZDV QRW VWDWLVWLFDOO\
VLJQLILFDQWWKHUHZDVDFOHDUWUHQGWRZDUGDGHIHFWLQYLULRQSURGXFWLRQXSRQ3,.
&$ GHSOHWLRQ $ FRQIRXQGLQJ IDFWRU LQ WKLV DQDO\VLV FRXOG EH WKDW LW GRHV QRW
DFFRXQWIRUWKHQXPEHURIYLULRQVWKDWKDYHOHIWLQIHFWHGFHOOV
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 7R IXUWKHU LQYHVWLJDWH YLULRQ SURGXFWLRQ IURP LQIHFWHG FHOOV ZH XVHG
ZHVWHUQ EORWWLQJ WR DVVD\ WKH SUHVHQFH RI YLULRQ SURWHLQV LQ VXSHUQDWDQW IURP
LQIHFWHGFHOOVWKDWKDGEHHQWUHDWHGZLWKHLWKHU&WUORU3,.&$VL51$)LJ)
9LUDO VXSHUQDWDQWV ZHUH FROOHFWHG DQG WR UHPRYH FHOOV DQG FHOOXODU GHEULV
VXSHUQDWDQWVZHUHILUVWFODULILHGZLWKORZVSHHGFHQWULIXJDWLRQ9LULRQVZHUHWKHQ
SHOOHWHGXVLQJXOWUDFHQWULIXJDWLRQDQGSHOOHWVZHUHWUHDWHGZLWKWU\SVLQWRUHPRYH
SURWHLQQRWSURWHFWHGE\YLULRQPHPEUDQHV7KXV+&09JO\FRSURWHLQJ%ZKLFK
LV IRXQG RQ WKH H[WHULRU RI YLULRQV RQ FHOOV RU LQ FHOO GHEULV RU VKHG LQWR WKH
VXSHUQDWDQWFRXOGEH IRXQG LQ WKHVDPSOHV WUHDWHGZLWK WU\SVLQDWR&)LJ)
ODQHVDQGEXWQRWR&)LJ)ODQHVDQG7KHVLPLODUDPRXQWVRIJ%
IRXQG LQ WKH VXSHUQDWDQW RI FHOOV WUHDWHGZLWKHLWKHU&WUO RU3,.&$VL51$ LV
FRQVLVWHQWZLWKRXUREVHUYDWLRQV IURP)LJXUHZKHUHLQGHSOHWLRQRI3,.&$
KDVRQO\DPRGHVWHIIHFWRQSURGXFWLRQRI ODWHYLUDOSURWHLQV7KHPDMRU+&09
YLULRQSURWHLQ8/ZKLFK LVDFRPSRQHQWRIYLULRQVDQGSURWHFWHG IURPWU\SVLQ
GLJHVWLRQ E\ WKH YLULRQPHPEUDQHZDV IRXQG LQ DOO VDPSOHV+RZHYHU QRWDEO\
OHVV8/ZDV IRXQGSHOOHWV IURP FHOOV WUHDWHGZLWK3,.&$ VL51$ )LJ )
ODQHVDQGFRPSDUHGWRFHOOVWUHDWHGZLWK&WUOVL51$)LJ)ODQHVDQG
8VLQJ,PDJH-VRIWZDUHZHIRXQGDIROG)LJ)ODQHVDQGDQGIROG)LJ
) ODQHVDQGGHFUHDVHLQUHODWLYHEDQGLQWHQVLW\RI8/EORWVRIVDPSOHV
WUHDWHGDR&DQGR&UHVSHFWLYHO\7KHUHIRUHFRQVLVWHQWZLWKGDWDSUHVHQWHG
LQ )LJV $( GHSOHWLRQ RI 3,.&$ ZDV DVVRFLDWHG ZLWK D GHIHFW LQ YLULRQ
SURGXFWLRQIURPLQIHFWHGFHOOV
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 
 7KH DFFXPXODWLRQ RI FDSVLGV WKDW KDYH XQGHUJRQH VHFRQGDU\
HQYHORSPHQW DQG D ODFN RI YLULRQ SURGXFWLRQ LQIHUUHG WKDW WKHUH ZDV DQ
DFFXPXODWLRQRI LQIHFWLRXV LQWUDFHOOXODU YLUXV LQ LQIHFWHG FHOOV WUHDWHGZLWK3,.
&$:HH[DPLQHGWKLVSRVVLELOLW\E\WUHDWLQJFHOOVZLWK&WUORU3,.&$VL51$
DQG DIWHU LQIHFWLRQ DVVD\LQJ WKH DPRXQW RI LQIHFWLRXV YLUXV UHOHDVHG IURP
LQIHFWHG FHOOV DQG WKH DPRXQW RI LQWUDFHOOXODU YLUXV DW  KSL 7R UHOHDVH
LQWUDFHOOXODUYLUXVLQIHFWHGFHOOVZHUHO\VHGE\WKUHHVHTXHQWLDOIUHH]HWKDZF\FOHV
WR R& ,Q FHOOV WUHDWHGZLWK&WUO RU 3,.&$ VL51$ZH REVHUYHG D IROG
GHFUHDVHLQWLWUHRILQIHFWLRXVYLUXVUHOHDVHGIURPLQIHFWHGFHOOV[DQG[
SIXPO UHVSHFWLYHO\ DQG D OHVV WKDQ D IROG GLIIHUHQFH LQ WKH DPRXQW RI
LQIHFWLRXV LQWUDFHOOXODU YLUXV SURGXFHG [ DQG [ SIXPO UHVSHFWLYHO\
6LPLODU UHVXOWV ZHUH REVHUYHGZKHQ LQIHFWHG FHOOV ZHUH O\VHG E\ SDVVLQJ FHOOV
WKUHHWLPHVWKURXJKDQHHGOHGDWDQRWVKRZQ7KHUHIRUHZHIRXQGQRREYLRXV
LQFUHDVH LQ WKH DPRXQW RI LQIHFWLRXV LQWUDFHOOXODU YLUXV LQ LQIHFWHG FHOOV WUHDWHG
ZLWK 3,.&$ VL51$ ZKLFK LPSOLHG WKDW WKH FDSVLGV WKDW KDG XQGHUJRQH
VHFRQGDU\HQYHORSPHQW LQ LQIHFWHGFHOOVWUHDWHGZLWK3,.&$VL51$ZHUHQRW
LQIHFWLRXV 
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',6&866,21

 +HUHZHSURYLGHDIXUWKHUGHPRQVWUDWLRQWKDWKLJKWKURXJKSXWVFUHHQLQJRI
VL51$V LV D YDOLG PHWKRGRORJ\ WR LGHQWLI\ FHOOXODU IDFWRUV UHTXLUHG IRU YLUDO
UHSOLFDWLRQ:H LGHQWLILHG D UDQJH RI FHOOXODU NLQDVH SURWHLQV LQYROYHG LQ+&09
UHSOLFDWLRQ DQG IRFXVHG RXU VWXGLHV RQ KRZ 3,.&$ PLJKW EH UHTXLUHG IRU
+&09 UHSOLFDWLRQ 7KHVH VWXGLHV LQGLFDWHG WKDW 3,.&$ LV LQYROYHG LQ
SURGXFWLRQ RI ODWH YLUDO SURWHLQV DQG SURGXFWLRQ RI LQIHFWLRXV YLUXV+RZHYHU LQ
LQIHFWHG FHOOV WUHDWHG ZLWK 3,.&$ VL51$ ZH REVHUYHG D JUHDWHU GHIHFW LQ
YLULRQ SURGXFWLRQ FRPSDUHG WR YLUDO SURWHLQ SURGXFWLRQ 7KXV 3,.&$ PRVW
OLNHO\SOD\VDPRUHSURPLQHQWUROH LQ WKHSURGXFWLRQRI LQIHFWLRXV+&09YLULRQV
WKDQ WKH SURGXFWLRQ RI +&09 SURWHLQV 2XU GDWD LQGLFDWHV WKDW 3,.&$ LV
LQYROYHG LQ SURFHVVHV WKDW OHDG WR HJUHVV IURP WKH FHOO RI FDSVLGV WKDW KDYH
XQGHUJRQHVHFRQGDU\HQYHORSPHQW
2XUVFUHHQLQJPHWKRGRORJ\DOORZVXVWRVXUYH\VL51$VWKDWDIIHFWQHDUO\
DOO IDFHWV RI +&09 UHSOLFDWLRQ DQG DV ZH GHPRQVWUDWH KHUH ZH FDQ LGHQWLI\
VL51$VWKDWKDYHDIDLUO\PRGHVWHIIHFWRQSSH[SUHVVLRQEXWDJUHDWHUHIIHFW
RQYLUXV UHSOLFDWLRQ$QDGGHGDGYDQWDJH LV WKDW WKHF\WRSODVPLF ORFDOL]DWLRQRI
SS LQ YLUDO DVVHPEO\ FRPSDUWPHQWV FDQ EH GLFWDWHG E\ WKH YLUDOO\ HQFRGHG
NLQDVH8/ZKLFKLVUHTXLUHGIRUIXQFWLRQRINQRZQDQWL+&09GUXJV
DQG LV LWVHOI D PDMRU GUXJ WDUJHW  7KHUHIRUH LQ IXWXUH H[SHULPHQWV RXU
PHWKRGRORJ\ FDQ EH FRQYHUWHG WR D KLJK WKURXJKSXWKLJK FRQWHQW VFUHHQLQJ
DSSURDFK ZKHUHLQ WKH QXPEHU RI SS SRVLWLYH FHOOV DQG ORFDOL]DWLRQ RI SS
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ZLWKLQ LQIHFWHG FHOOV FDQ LGHQWLI\ IDFWRUV DIIHFWLQJ 8/ IXQFWLRQ DQG DVVHPEO\
FRPSDUWPHQWPRUSKRORJ\&RQYHUVHO\ WKLV VFUHHQLQJ DSSURDFK GRHV QRW DOORZ
XVWRDVVHVVWRZKDWGHJUHHDQ\SURWHLQLVGHSOHWHGE\VL51$ZLWKLQWKHVFUHHQ
DQGWKHXVHRIDQWLERGLHV WRGHWHFWYLUDO UHSOLFDWLRQ OLPLWV WKHVFUHHQWRRQO\ WKH
GHWHFWLRQRI+&09UHSOLFDWLRQ)XUWKHUPRUHWKH02,LQIHFWLRQVXVHGGXULQJWKH
VFUHHQLQJSURFHVVW\SLFDOO\UHVXOWLQRIFHOOVLQIHFWHGLQZHOOVWUHDWHGZLWK
&WUOVL51$GDWDQRWVKRZQ7KHUHIRUHWKHWUDQVIHFWLRQSURFHVVPD\OLPLW+&09
LQIHFWLRQDQGIXUWKHURSWLPL]DWLRQRIRXUPHWKRGRORJ\PD\EHUHTXLUHG
,Q RXU VFUHHQ GHSOHWLRQ RI D UDQJH RI NLQDVH SURWHLQV KDG SRVLWLYH RU
QHJDWLYHHIIHFWVRQ+&09UHSOLFDWLRQ(DFKRIWKHVHSURWHLQVPD\DFWDORQHRULQ
FRQFHUWZLWKRWKHUIDFWRUVWRIDFLOLWDWH+&09UHSOLFDWLRQ1RSKRVSKDWDVHSURWHLQV
ZHUH IRXQG WR KDYH DQ\ HIIHFW ,GHQWLILFDWLRQ RI SDWKZD\V LQYROYHG LQ YLUDO
UHSOLFDWLRQKDVEHHQSRVVLEOHIURPWKHUHVXOWVRIZKROHJHQRPHVL51$VFUHHQV
%LRLQIRUPDWLFV DQDO\VLV RI RXU VFUHHQLQJ UHVXOWV XVLQJ 675,1* DQDO\VLV D
ELRLQIRUPDWLFV DSSOLFDWLRQ WKDW LGHQWLILHV NQRZQ DQG SUHGLFWHG SURWHLQSURWHLQ
DVVRFLDWLRQV  GLG QRW LGHQWLI\ REYLRXV SDWKZD\V WKDW PLJKW EH LQYROYHG LQ
+&09UHSOLFDWLRQGDWDQRWVKRZQ7KHVHSDWKZD\VPD\RQO\UHYHDOWKHPVHOYHV
LQ WKH FRQWH[W RI D ZKROH JHQRPH VL51$ VFUHHQ +RZHYHU WKHVH DSSURDFKHV
PXVWEHDSSOLHGFDXWLRXVO\DVELRLQIRUPDWLFVDQDO\VLVPD\GUDZWRJHWKHUSURWHLQ
SURWHLQ DVVRFLDWLRQV WKDW PD\ EH WKH UHVXOW RI IDOVHSRVLWLYH RU IDOVHQHJDWLYH
VFUHHQLQJKLWVRUWKDWKDYHRQO\YHU\PRGHVWHIIHFWVRQYLUDOUHSOLFDWLRQ
 3UHYLRXVO\DVFUHHQRIVL51$WDUJHWLQJWKHKXPDQNLQRPHZDVFRQGXFWHG
E\ 7HUU\ DQG FRZRUNHUV EDVHG LQ RQ GHWHFWLRQ RI YLUXV SURGXFHG IURP VL51$
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WUHDWHGFHOOVDQGLPSOLFDWHG$03.DVEHLQJLPSRUWDQWLQ+&09UHSOLFDWLRQ,Q
DJUHHPHQWZLWK7HUU\HWDOZHKDYH IRXQG WKDW WUHDWPHQWRI LQIHFWHGFHOOVZLWK
WKH$03.LQKLELWRUFRPSRXQG&GHFUHDVHVDFFXPXODWLRQRI+&09SURWHLQVDQG
SURGXFWLRQ RI LQIHFWLRXV +&09 YLUXV GDWD QRW VKRZQ +RZHYHU ZH REVHUYHG
YHU\ OLWWOH RYHUODS LQ WKH LGHQWLILFDWLRQ RI VL51$V WKDW KDG HLWKHU D SRVLWLYH RU
QHJDWLYHHIIHFWRQ+&09UHSOLFDWLRQZKHQFRPSDULQJ WKH UHVXOWVRI7HUU\ et al.
DQGRXURZQ)RUH[DPSOHLQWKHZRUNE\7HUU\HWDOVL51$WDUJHWLQJ3,.&$
KDG OLWWOH RU QR HIIHFW RQ +&09 UHSOLFDWLRQ DQG WKH VL51$ WDUJHWV LQYROYHG RU
LPSOLFDWHG LQ$03.IXQFWLRQGXULQJ+&09UHSOLFDWLRQGLIIHU IURPWKRVHIRXQG LQ
RXU VWXG\ ,W LV OLNHO\ WKDW GLIIHUHQFHV LQ VFUHHQLQJ PHWKRGRORJLHV DQG VL51$
UHDJHQWV UHIOHFW WKH GLIIHUHQFHV LQ RXU GDWD VHWV ,W LV ZLGHO\ DFFHSWHG WKDW
GLIIHUHQWVL51$UHDJHQWVZLOOGLVSOD\GLIIHUHQWIDOVHSRVLWLYHVDQGIDOVHQHJDWLYHV
LQ GLIIHUHQW VFUHHQV DJDLQVW WKH VDPH SDWKRJHQ   7R FRPEDW WKLV LVVXH
VHYHUDOVL51$GDWDVHWVXVLQJRUWKRORJRXV51$LUHDJHQWVPXVWEHLQWHJUDWHGDQG
UHILQHGWRLGHQWLI\IDFWRUVWKDWKDYHSRVLWLYHRUQHJDWLYHHIIHFWVZLWKKLJKFHUWDLQW\
 7KHUHIRUH LW LV OLNHO\ WKDW VHYHUDOPRUH VL51$GDWDVHWVZLOO KDYH WREH
JHQHUDWHG EHIRUH ZH FDQ IXOO\ XQGHUVWDQG WKH HIIHFWV RI VL51$V RQ +&09
UHSOLFDWLRQ
0RUHRYHU VFUHHQLQJ GDWD FDQ EH IXUWKHU LQWHUURJDWHG ZLWK WKH XVH RI
ELRLQIRUPDWLFVWRROVVXFKDV*(66DQG+D\VWDFNWRHOLPLQDWHRIIWDUJHWHIIHFWVRI
WKHVL51$VHHGVHTXHQFHELQGLQJWRP51$V+RZHYHULWPXVWEHVWUHVVHGWKDW
WKH VWDWLVWLFDO SRZHU RI WKHVH DQDO\VHV LQFUHDVHV ZLWK WKH QXPEHU RI VL51$V
DVVD\HG 7KHUHIRUH VL51$ FROOHFWLRQV RI WKH VL]H XVHG KHUH DUH QRW RIWHQ
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DVVD\HGWRILQGVL51$VHHGPDWFKHV(XJHQ%XHKOHUSHUVRQDOFRPPXQLFDWLRQ
7KXV ZKLOH WKH *(66 DQG +D\VWDFN DQDO\VLV XVHG KHUH VXJJHVWV WKDW QR
REYLRXV RIIWDUJHW ELQGLQJ HIIHFWV RFFXU LQ RXU VFUHHQ FRPELQLQJ WKH GDWD
SUHVHQWHG KHUH ZLWK RWKHU VL51$ VFUHHQLQJ GDWD VHWV PD\ UHYHDO DV \HW
XQDSSUHFLDWHG RIIWDUJHWV HIIHFWV WKDW ZLOO LQIOXHQFH RXU LQWHUSUHWDWLRQ RI VL51$
IXQFWLRQLQ+&09LQIHFWHGFHOOV
)XUWKHUPRUHVHYHUDORI WKH WDUJHWVRIVL51$ LQRXUVFUHHQLQJGDWDZHUH
QRWIRXQGLQDSURWHRPLFVWXG\RI+))FHOOVLQIHFWHGZLWK+&097KHUHIRUH
DQDO\VLV RI VL51$ RIIWDUJHW ELQGLQJ DORQH PD\ QRW EH VXIILFLHQW WR H[FOXGH
VL51$V IURP DQDO\VLV ,QGHHG DQDO\VLV RI VL51$ VFUHHQLQJ GDWD FDQ LQFOXGH
FRPSDULVRQ RI VFUHHQLQJ KLWV ZLWK JHQH H[SUHVVLRQ SURILOHV WR LGHQWLI\ IDOVH
SRVLWLYHV)XUWKHUDQDO\VLVRIVL51$VFUHHQLQJGDWDIURP+&09LQIHFWHGFHOOV
VKRXOGEHQHILW IURPFRPSDULVRQRIVL51$VFUHHQLQJKLWVZLWKSURWHLQVNQRZQ WR
EH H[SUHVVHG LQ +&09 LQIHFWHG FHOOV  DV ZH KDYH SUHIRUPHG KHUH ,W
UHPDLQV XQNQRZQ WKDW 51$V DUH WDUJHWHG E\ WKH VL51$V WKDW ZH MXGJH WR EH
IDOVH SRVLWLYHV LQ RXU VFUHHQLQJ GDWD )XUWKHU DQDO\VLV RI WKLV TXHVWLRQ VKRXOG
LGHQWLI\YLUDORUFHOOXODU51$WUDQVFULSWVLQYROYHGLQ+&09UHSOLFDWLRQ
 :HFKRVH WR IRFXVRXU VWXG\RQ WKH LQYROYHPHQW RI3,.&$ LQ+&09
UHSOLFDWLRQ 7KH UROHRID OHDVWRQHFODVV ,DQGFODVV ,,,3,.SURWHLQKDVEHHQ
LQYHVWLJDWHG   KRZHYHU WKH UROH RI FODVV ,, 3,. SURWHLQV LQ +&09
UHSOLFDWLRQLVXQNQRZQ3,.&$LVIRXQGLQHQGRVRPHVWKHWUDQVJROJLQHWZRUN
DQG FODWKULQFRDWHG YHVLFOHV   /LNH RWKHU 3,. SURWHLQV 3,.&$
SKRVSKRU\ODWHV 3WG,QV DW WKH ' SRVLWLRQ RI WKH LQRVLWRO ULQJ SURGXFLQJ 
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SKRVSKRU\ODWHG 3WG,QV 3WG,QVP) OLSLGV LQYROYHG PHPEUDQH VSHFLILFDWLRQ DQG
G\QDPLFV 2WKHUSKRVSKRU\ODWHG OLSLGV LQYROYHG LQPHPEUDQH WUDIILFNLQJ
FDQ EH SURGXFHG E\ WKLV OLSLG NLQDVH  3,.&$ DQG WKH SKRVSKRU\ODWHG
OLSLGV LW SURGXFHV DUH DVVRFLDWHG ZLWK D QXPEHU RI SURFHVVHV WKDW LQYROYH
LQWUDFHOOXODUPHPEUDQHV LQFOXGLQJ H[RF\WRVLV HQGRF\WRVLV DQG DXWRSKDJ\ 
  DOWKRXJK WKH IXQFWLRQ RI 3WG,QVP SURGXFHG E\ 3,.&$ LV ODUJHO\
XQFOHDU $OVR 3,.&$ FDQ EH IRXQG LQ WKH QXFOHXV ZKHUH LW DSSHDUV WR
DVVRFLDWHZLWKFHOOXODU51$VSOLFLQJIDFWRUV
2XUREVHUYDWLRQVSRLQWWRDUROHIRU3,.&$LQWKHSURGXFWLRQRI+&09
YLULRQV DW D VWHS DIWHU VHFRQGDU\ HQYHORSPHQW RI FDSVLGV +&09 VHFRQGDU\
HQYHORSPHQWLVYHU\SRRUO\GHILQHGDQGRXUXQGHUVWDQGLQJRIWKLVSURFHVVODUJHO\
UHOLHVRQREVHUYDWLRQVPDGHXVLQJUHODWHGYLUXVHVVXFKDVKHUSHVVLPSOH[YLUXV
%ULHIO\VHFRQGDU\HQYHORSPHQWRFFXUVXSRQEXGGLQJRIFDSVLGVLQWRF\WRSODVPLF
PHPEUDQHV UHODWHG WR WKH *ROJL LQFOXGLQJ FLV*ROJL WUDQV*ROJL QHWZRUN DQG
HQGRVRPHV DQG LV DVVRFLDWHG ZLWK FKDQJHV LQ F\WRSODVPLF PHPEUDQHV WKDW
RFFXUGXULQJGHYHORSPHQWRIYLUDODVVHPEO\FRPSDUWPHQWV3,.&$ LV
NQRZQ WR EH HQULFKHG LQ WKH DIRUHPHQWLRQHG F\WRSODVPLF PHPEUDQHV  
DQGLQSUHOLPLQDU\ LPPQRIORUHVFHQFHH[SHULPHQWVZHREVHUYH3,.&$LQ
WKHF\WRSODVPRI+&09LQIHFWHGFHOOVGDWDQRWVKRZQ7KHUHIRUHLWLVSODXVLEOH
WKDW 3,.&$ FRXOG EH DVVRFLDWHGZLWK VHFRQGDU\ HQYHORSPHQW )XUWKHUPRUH
3,.&$LVUHSRUWHGWREHLQYROYHGLQH[RF\WRVLVZKLFKLVWKRXJKW
WR EH LQYROYHG LQ PRYHPHQW RI HQYHORSHG KHUSHVYLUXV SDUWLFOHV WR WKH SODVPD
PHPEUDQH7KHUHIRUHZHVXJJHVWWKDW3,.&$IXQFWLRQVLQH[RF\WRVLVLQ
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+&09LQIHFWHGFHOOVSRVVLEO\ OLQNLQJ WKHFRPSOHWLRQRIVHFRQGDU\HQYHORSPHQW
ZLWKYLULRQHJUHVV ,QWHUHVWLQJO\ LQ+&09 LQIHFWHGFHOOV WKH IXQFWLRQRI&ODVV ,,,
3,.SURWHLQ9SVDSSHDUV WREHVHSDUDEOH IURP3,.&$DV WKHVHSURWHLQV
DUHUHTXLUHGIRUSURFHVVHVEHIRUHDQGDIWHUVHFRQGDU\HQYHORSPHQWUHVSHFWLYHO\
  $ IXUWKHU SRLQW WR FRQVLGHU LV RXU REVHUYDWLRQ WKDW LQWUDFHOOXODU YLUXV WKDW
DFFXPXODWHVLQ LQIHFWHGFHOOVWUHDWHGZLWK3,.&$PD\QRWEHLQIHFWLRXV7KLV
ZRXOG LPSO\ WKDW WKH VHFRQGDU\ HQYHORSPHQW RI FDSVLGV ZH REVHUYH LQ FHOOV
GHSOHWHG RI 3,.&$ LV VRPHKRZ GHIHFWLYH RU WKDW WKHUH DUH IXUWKHU DV \HW
XQUHFRJQL]HG IXQFWLRQV RI 3,.&$ WKDW DUH UHTXLUHG IRU WKH SURGXFWLRQ RI
LQIHFWLRXVYLUXV
,W LV ZRUWK FRQVLGHULQJ ZKHWKHU 3,.&$PLJKW EH D IXWXUH DQWL+&09
GUXJWDUJHW7RRXUNQRZOHGJHWKHUHLVFXUUHQWO\QRFRPSRXQGWKDWSRWHQWO\DQG
VSHFLILFDOO\LQKLELWV3,.&$IXQFWLRQRUWKHIXQFWLRQRIDQ\RWKHUFODVV,,3,.
SURWHLQ $OVR LW KDV EHHQ UHSRUWHG WKDW ZHOO FKDUDFWHUL]HG LQKLELWRUV RI FODVV ,
3,.SURWHLQVZRUWPDQQLQDQG/<KDYH OLWWOHRUQRHIIHFWRQ3,.&$
IXQFWLRQ7KHUHIRUHDQRULJLQDODSSURDFKLVUHTXLUHGWRGLVFRYHULQKLELWRUVRI
3,.&$
 
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

:H ZRXOG OLNH WR H[SUHVV RXU WKDQNV WR 5LFKDUG %HWKHOO DQG 3HWHU 6HLWKHU RI
%RHKULQJHU,QJHOKHLPIRUWKHLUJUHDWDGYLFHDQGVXSSRUWRIWKLVSURMHFW7KDQNVWR
PHPEHUV RI WKH &RHQ DQG 6WUDQJ ODERUDWRULHV HVSHFLDOO\ -HDQ 3HVROD IRU
DVVLVWDQFHZLWKVWDWLVWLFDODQG3&5DQDO\VHV2XU WKDQNVDOVRJR WR.HQ/DLQJ
DQG(XJHQ%XHKOHUIRUVXSSRUWZLWKT3&5DQGVL51$ELQGLQJDQDO\VLVWRVHYHUDO
FROOHDJXHV -HUHP\.DPLO:DGH*LEVRQ 1DWKDQDHO*UD\ 1,+$,'65HDJHQW
3URJUDP5LFKDUG6WDQWRQ IRU WKH NLQG JLIWV RI UHDJHQWV DQG WR /DXUD+XGVRQ
DQG /LVD 5LFNHOWRQ IRU DVVLVWDQFH LQ WKH SUHSDUDWLRQ RI ILJXUHV DQG WDEOHV:H
DOVR DFNQRZOHGJH0DULD (ULFVVRQ DQG WKH VWDII RI WKH+DUYDUG0HGLFDO 6FKRRO
(OHFWURQ0LFURVFRSH)DFLOLW\IRUDOOWKHLULQYDOXDEOHDVVLVWDQFH6SHFLDOWKDQNVJR
WR DOO PHPEHUV RI ,QVWLWXWH RI &KHPLVWU\ DQG &KHPLFDO %LRORJ\/RQJZRRG DW
+DUYDUG 0HGLFDO 6FKRRO IRU DOO RI WKHLU KHOS ZLWK DOO DVSHFWV RI WKH VFUHHQLQJ
SURFHVV








 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
)81',1*,1)250$7,21

7KLV ZRUN ZDV VXSSRUWHG E\ D %RHKULQJHU ,QJHOKHLP 51$L 6FUHHQLQJ
&ROODERUDWLRQEHWZHHQ%RHKULQJHU,QJHOKHLPDQG+DUYDUG0HGLFDO6FKRRODZDUG
WR%/6DQG'0&JUDQWVIURPWKH1DWLRQDO,QVWLWXWHVRI+HDOWKWR'0&5
$,DQG5$,DVWXGHQWVKLSIURPWKH.LQJGRPRI6DXGL$UDELD
+)0SOXV1HZ,QYHVWLJDWRUIXQGVIURP6W*HRUJH¶V8QLYHUVLW\RI/RQGRQD
6W*HRUJH¶V ,PSDFW	 ,QQRYDWLRQ$ZDUG DQG D3$5.:HVW)RFXV$ZDUG DOO WR
%/67KHIXQGHUVKDGQRUROHLQGDWDFROOHFWLRQLQWHUSUHWDWLRQRUWKHGHFLVLRQ
WRVXEPLWWKHZRUNIRUSXEOLFDWLRQ 
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
5()(5(1&(6

 0RFDUVNL ( 6 7 6KHQN 3 ' *ULIILWKV DQG 5 ) 3DVV 
&\WRPHJDORYLUXVHVSIn'0.QLSHDQG30+RZOH\HG
)LHOGV9LURORJ\ WKHG YRO  /LSSLQFRWW:LOOLDPV	:LONLQV1HZ<RUN
1<
 $OZLQH-&7KHKXPDQF\WRPHJDORYLUXVDVVHPEO\FRPSDUWPHQW
D PDVWHUSLHFH RI YLUDO PDQLSXODWLRQ RI FHOOXODU SURFHVVHV WKDW IDFLOLWDWHV
DVVHPEO\DQGHJUHVV3/R6SDWKRJHQVH
 %UDVV$/'0'\N[KRRUQ<%HQLWD1<DQ$(QJHOPDQ5-
;DYLHU - /LHEHUPDQ DQG 6 - (OOHGJH  ,GHQWLILFDWLRQ RI KRVW
SURWHLQV UHTXLUHG IRU+,9 LQIHFWLRQ WKURXJK D IXQFWLRQDO JHQRPLF VFUHHQ
6FLHQFH1HZ<RUN1<
 %UDVV$/,&+XDQJ<%HQLWD63-RKQ01.ULVKQDQ(0
)HHOH\% -5\DQ - /:H\HU / YDQGHU:H\GHQ( )LNULJ' -
$GDPV 5 - ;DYLHU 0 )DU]DQ DQG 6 - (OOHGJH  7KH ,),70
SURWHLQVPHGLDWHFHOOXODUUHVLVWDQFHWR LQIOXHQ]D$+1YLUXV:HVW1LOH
YLUXVDQGGHQJXHYLUXV&HOO
 .ULVKQDQ 0 1 $ 1J % 6XNXPDUDQ ) ' *LOIR\ 3 ' 8FKLO +
6XOWDQD$/%UDVV5$GDPHW]07VXL)4LDQ550RQWJRPHU\
6 /HY 3 : 0DVRQ 5 $ .RVNL 6 - (OOHGJH 5 - ;DYLHU +
$JDLVVHDQG()LNULJ51$LQWHUIHUHQFHVFUHHQIRUKXPDQJHQHV
DVVRFLDWHGZLWK:HVW1LOHYLUXVLQIHFWLRQ1DWXUH
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
 /L4$/%UDVV$1J=+X5 -;DYLHU 7 - /LDQJ DQG6 -
(OOHGJH$JHQRPHZLGHJHQHWLFVFUHHQIRUKRVWIDFWRUVUHTXLUHGIRU
KHSDWLWLV&YLUXVSURSDJDWLRQ3URF1DWO$FDG6FL86$
 =KX-7'DYROL-03HUULHUD&5&KLQ*'*DLKD63-RKQ)
'6LJLROORW**DR4;X+4X73HUWHO-66LPV-$6PLWK5
( %DNHU / 0DUDQGD $ 1J 6 - (OOHGJH DQG $ / %UDVV 
&RPSUHKHQVLYHLGHQWLILFDWLRQRIKRVWPRGXODWRUVRI+,9UHSOLFDWLRQXVLQJ
PXOWLSOHRUWKRORJRXV51$LUHDJHQWV&HOOUHSRUWV
 7HUU\/-/9DVWDJ-'5DELQRZLW]DQG76KHQN+XPDQ
NLQRPHSURILOLQJLGHQWLILHVDUHTXLUHPHQWIRU$03DFWLYDWHGSURWHLQNLQDVH
GXULQJ KXPDQ F\WRPHJDORYLUXV LQIHFWLRQ 3URF 1DWO $FDG 6FL 8 6 $

 .R\XQFX ( - * 3XUG\ - ' 5DELQRZLW] DQG 7 6KHQN 
6DWXUDWHG YHU\ ORQJ FKDLQ IDWW\ DFLGV DUH UHTXLUHG IRU WKH SURGXFWLRQ RI
LQIHFWLRXVKXPDQF\WRPHJDORYLUXVSURJHQ\3/R6SDWKRJHQVH
 5RGHPV60 DQG'+6SHFWRU([WUDFHOOXODUVLJQDOUHJXODWHG
NLQDVHDFWLYLW\LVVXVWDLQHGHDUO\GXULQJKXPDQF\WRPHJDORYLUXVLQIHFWLRQ
-9LURO
 -RKQVRQ5$60+XRQJDQG(6+XDQJ$FWLYDWLRQRIWKH
PLWRJHQDFWLYDWHGSURWHLQNLQDVHSE\KXPDQF\WRPHJDORYLUXVLQIHFWLRQ
WKURXJKWZRGLVWLQFWSDWKZD\VDQRYHOPHFKDQLVPIRUDFWLYDWLRQRIS-
9LURO
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
 -RKQVRQ 5 $ ;:DQJ ; /0D 60 +XRQJ DQG ( 6 +XDQJ
 +XPDQ F\WRPHJDORYLUXV XSUHJXODWHV WKH SKRVSKDWLG\OLQRVLWRO 
NLQDVH3,.SDWKZD\LQKLELWLRQRI3,.DFWLYLW\LQKLELWVYLUDOUHSOLFDWLRQ
DQGYLUXVLQGXFHGVLJQDOLQJ-9LURO
 6KDURQ)ULOLQJ 5 DQG 7 6KHQN  +XPDQ F\WRPHJDORYLUXV
S8/[LQGXFHG FDOFLXP IOX[ DFWLYDWHV 3.&DOSKD LQGXFLQJ DOWHUHG FHOO
VKDSHDQGDFFXPXODWLRQRIF\WRSODVPLFYHVLFOHV3URF1DWO$FDG6FL86
$(
 6WDQWRQ 5 - . %DOXFKRYD ' - 'DUJDQ & &XQQLQJKDP 2
6KHHK\ 6 6HLUDILDQ % 3 0F6KDUU\ 0 / 1HDOH - $ 'DYLHV 3
7RPDVHF$-'DYLVRQDQG*::LONLQVRQ5HFRQVWUXFWLRQRI
WKHFRPSOHWHKXPDQF\WRPHJDORYLUXVJHQRPH LQD%$&UHYHDOV5/ WR
EH D SRWHQW LQKLELWRU RI UHSOLFDWLRQ 7KH -RXUQDO RI FOLQLFDO LQYHVWLJDWLRQ

 %LUPLQJKDP$/06HOIRUV7)RUVWHU':UREHO&-.HQQHG\(
6KDQNV - 6DQWR\R/RSH] ' - 'XQLFDQ $ /RQJ ' .HOOHKHU 4
6PLWK 5 / %HLMHUVEHUJHQ 3 *KD]DO DQG & ( 6KDPX 
6WDWLVWLFDO PHWKRGV IRU DQDO\VLV RI KLJKWKURXJKSXW 51$ LQWHUIHUHQFH
VFUHHQV1DWXUHPHWKRGV
 =KDQJ - + 7 ' &KXQJ DQG . 5 2OGHQEXUJ  $ 6LPSOH
6WDWLVWLFDO 3DUDPHWHU IRU 8VH LQ (YDOXDWLRQ DQG 9DOLGDWLRQ RI +LJK
7KURXJKSXW6FUHHQLQJ$VVD\V-RXUQDORIELRPROHFXODUVFUHHQLQJ
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
 6LJRLOORW )' 6 /\PDQ - )+XFNLQV%$GDPVRQ(&KXQJ%
4XDWWURFKL DQG 5 : .LQJ  $ ELRLQIRUPDWLFV PHWKRG LGHQWLILHV
SURPLQHQW RIIWDUJHWHG WUDQVFULSWV LQ 51$L VFUHHQV 1DWXUH PHWKRGV

 <LOPD]HO%<+X)6LJRLOORW-$6PLWK&(6KDPX13HUULPRQ
DQG6(0RKU2QOLQH*(66SUHGLFWLRQRIPL51$OLNHRIIWDUJHW
HIIHFWV LQ ODUJHVFDOH 51$L VFUHHQ GDWD E\ VHHG UHJLRQ DQDO\VLV %0&
ELRLQIRUPDWLFV
 %XHKOHU($$.KDQ60DULQH05DMDUDP$%DKO-%XUFKDUG
DQG 0 )HUUHU  VL51$ RIIWDUJHW HIIHFWV LQ JHQRPHZLGH VFUHHQV
LGHQWLI\VLJQDOLQJSDWKZD\PHPEHUV6FLHQWLILFUHSRUWV
 6WUDQJ%/DQG1'6WRZ&LUFXODUL]DWLRQRIWKHKHUSHVVLPSOH[
YLUXVW\SHJHQRPHXSRQO\WLFLQIHFWLRQ-9LURO
 *DXOW ( < 0LFKHO $ 'HKHH & %HODEDQL - & 1LFRODV DQG $
*DUEDUJ&KHQRQ  4XDQWLILFDWLRQ RI KXPDQ F\WRPHJDORYLUXV '1$
E\UHDOWLPH3&5-RXUQDORIFOLQLFDOPLFURELRORJ\
 6WUDQJ%/%-%HQGHU06KDUPD-03HVROD5/6DQGHUV'
+ 6SHFWRU DQG ' 0 &RHQ  $ PXWDWLRQ GHOHWLQJ VHTXHQFHV
HQFRGLQJ WKH DPLQR WHUPLQXV RI KXPDQ F\WRPHJDORYLUXV 8/ LPSDLUV
LQWHUDFWLRQZLWK8/DQGFDSVLGORFDOL]DWLRQ-9LURO
 6KDUPD 0 - 3 .DPLO 0 &RXJKOLQ 1 , 5HLP DQG ' 0 &RHQ
+XPDQF\WRPHJDORYLUXV8/DQG8/UHFUXLWYLUDOSURWHLQNLQDVH
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
8/QRWSURWHLQ NLQDVH& IRUGLVUXSWLRQRI QXFOHDU ODPLQDDQGQXFOHDU
HJUHVVLQLQIHFWHGFHOOV-9LURO
 %LUPLQJKDP $ ( 0 $QGHUVRQ $ 5H\QROGV ' ,OVOH\7\UHH '
/HDNH < )HGRURY 6 %DVNHUYLOOH ( 0DNVLPRYD . 5RELQVRQ -
.DUSLORZ : 6 0DUVKDOO DQG $ .KYRURYD  
 875 VHHG
PDWFKHV EXW QRW RYHUDOO LGHQWLW\ DUH DVVRFLDWHG ZLWK 51$L RIIWDUJHWV
1DWXUHPHWKRGV
 0D<$&UHDQJD//XPDQG3$%HDFK\3UHYDOHQFHRIRII
WDUJHW HIIHFWV LQ 'URVRSKLOD 51$ LQWHUIHUHQFH VFUHHQV 1DWXUH 

 )UDQFHVFKLQL $ 5 0HLHU $ &DVDQRYD 6 .UHLELFK 1 'DJD '
$QGULWVFKNH 6 'LOOLQJ 3 5DPR0 (PPHQODXHU $ .DXIPDQQ 5
&RQGH$OYDUH]6+/RZ/3HONPDQV$+HOHQLXV:'+DUGW&
'HKLRDQG&YRQ0HULQJ6SHFLILFLQKLELWLRQRIGLYHUVHSDWKRJHQV
LQKXPDQFHOOVE\V\QWKHWLFPLFUR51$OLNHROLJRQXFOHRWLGHV LQIHUUHG IURP
51$LVFUHHQV3URF1DWO$FDG6FL86$
 :HHNHV0337RPDVHF(/+XWWOLQ&$)LHOGLQJ'1XVLQRZ
5-6WDQWRQ(&:DQJ5$LFKHOHU,0XUUHOO*::LONLQVRQ3
- /HKQHU DQG 6 3 *\JL  4XDQWLWDWLYH WHPSRUDO YLURPLFV DQ
DSSURDFKWRLQYHVWLJDWHKRVWSDWKRJHQLQWHUDFWLRQ&HOO
 $]]HK0$+RQLJPDQ$7DUDERXORV$5RXYLQVNLDQG'*:ROI
 6WUXFWXUDO FKDQJHV LQ KXPDQ F\WRPHJDORYLUXV F\WRSODVPLF
DVVHPEO\VLWHVLQWKHDEVHQFHRI8/NLQDVHDFWLYLW\9LURORJ\
 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
 6XOOLYDQ9&/7DODULFR6&6WDQDW0'DYLV'0&RHQDQG.
.%LURQ$SURWHLQNLQDVHKRPRORJXHFRQWUROVSKRVSKRU\ODWLRQRI
JDQFLFORYLULQKXPDQF\WRPHJDORYLUXVLQIHFWHGFHOOV1DWXUH
 %LURQ..5-+DUYH\6&&KDPEHUODLQ66*RRG$$6PLWK
UG0*'DYLV&/7DODULFR:+0LOOHU5)HUULV5('RUQVLIH
6&6WDQDW-&'UDFK/%7RZQVHQGDQG*:.RV]DOND
3RWHQW DQG VHOHFWLYH LQKLELWLRQ RI KXPDQ F\WRPHJDORYLUXV UHSOLFDWLRQ E\
: D EHQ]LPLGD]ROH /ULERVLGH ZLWK D XQLTXH PRGH RI DFWLRQ
$QWLPLFURELDODJHQWVDQGFKHPRWKHUDS\
 )UDQFHVFKLQL$'6]NODUF]\N6)UDQNLOG0.XKQ06LPRQRYLF
$5RWK-/LQ30LQJXH]3%RUN&YRQ0HULQJDQG/--HQVHQ
 675,1* Y SURWHLQSURWHLQ LQWHUDFWLRQ QHWZRUNV ZLWK LQFUHDVHG
FRYHUDJHDQGLQWHJUDWLRQ1XFOHLF$FLGV5HV'
 7ULSDWKL6023RKO<=KRX$5RGULJXH])UDQGVHQ*:DQJ'
$6WHLQ+00RXOWRQ3'H-HVXV-&KH/&0XOGHU(<DQJXH]
' $QGHQPDWWHQ / 3DFKH % 0DQLFDVVDP\ 5 $ $OEUHFKW 0 *
*RQ]DOH]41JX\HQ$%UDVV6(OOHGJH0:KLWH66KDSLUD1
+DFRKHQ $ .DUODV 7 ) 0H\HU 0 6KDOHV $ *DWRUDQR - 5
-RKQVRQ * -DQJ 7 -RKQVRQ ( 9HUVFKXHUHQ ' 6DQGHUV 1
.URJDQ 0 6KDZ 5 .RQLJ 6 6WHUW] $ *DUFLD6DVWUH DQG 6 .
&KDQGD  0HWD DQG 2UWKRJRQDO ,QWHJUDWLRQ RI ,QIOXHQ]D 20,&V
'DWD 'HILQHV D 5ROH IRU 8%5 LQ 9LUXV %XGGLQJ &HOO KRVW 	 PLFUREH

 on August 10, 2016 by ST GEORGE'S LIBRARY
http://jvi.asm
.org/
Downloaded from
 
 
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
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UHJXODWLRQDQGPHPEUDQHG\QDPLFV1DWXUH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.UDXVV & 6FKXOW] - 6FKPRUDQ]HU ) 1RH DQG 9 +DXFNH 
6SDWLRWHPSRUDO FRQWURO RI HQGRF\WRVLV E\ SKRVSKDWLG\OLQRVLWRO
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
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
5HJXODWLRQ RI PDPPDOLDQ DXWRSKDJ\ E\ FODVV ,, DQG ,,, 3, NLQDVHV
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
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)LJXUH+LJKWKURXJKSXWVFUHHQLQJRIVL51$$'LDJUDPRIKLJKWKURXJKSXW
VFUHHQLQJSURFHVV%$UHSUHVHQWDWLYHH[DPSOHRIDPLFURVFRS\LPDJHIURPDQ
,PDJH ([SUHVV 0LFUR PLFURVFRSH RI +)) FHOOV WUHDWHG ZLWK &WUO VL51$ DQG
LQIHFWHGZLWK$'&HOOVZHUH WKHQ WUHDWHGZLWK+RHFVKW EOXH'HHS
5HG &HOO 0DVN 5HG DQG SULPDU\ DQG VHFRQGDU\ DQWLERGLHV WR GHWHFW +&09
SSJUHHQ7KHODUJHZKLWHER[LVDQHQODUJHGLPDJHRIWKHDUHDLGHQWLILHGLQ
WKHVPDOOZKLWHER[ & ]VFRUHV IURP WKHVL51$VFUHHQ(DFKGDWDSRLQW WKDW
UHSUHVHQWVWKH]VFRUHIRU3,.&$VL51$LVLQGLFDWHG$IXOOOLVWRIVL51$VZLWK
]VFRUHVLVVKRZQLQ7DEOH6

)LJXUH$QDO\VLVRILQGLYLGXDO3,.&$VL51$V$DQG%+))ZHUHWUHDWHG
ZLWKVL51$DQG LQIHFWHG WKHQDQDO\]HGE\DXWRPDWHGPLFURVFRS\7KHQXPEHU
RI$FHOOVWUHDWHGZLWKVL51$QRRI+RHFVKWSRVLWLYHFHOOVDQG%WKH
SHUFHQWDJH RI WKRVH FHOOV WKDW DUH SS SRVLWLYH DUH VKRZQ 7KH PHDQ DQG
VWDQGDUGGHYLDWLRQRIHDFKGDWDIURPZHOOVWUHDWHGZLWKVL51$DUHVKRZQ7KH
YDOXHV DERYHKRUL]RQWDO EODFN EDUV LQ HDFK)LJXUH LQGLFDWH WKH SYDOXH GHULYHG
IURP D WZRWDLOHG XQSDLUHG VWXGHQWV WWHVW FDOFXODWHG XVLQJ 35,60 VRIWZDUH
 SOHVVWKDQRUHTXDOWRQV QRVWDWLVWLFDOGLIIHUHQFH

)LJXUH3URGXFWLRQRI+&09IURPFHOOVWUHDWHGZLWK3,.&$VL51$+))
FHOOVZHUH WUHDWHGZLWK&WUO 3,.&$ VL51$ RU VL51$V3,.&$ WR  DQG
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LQIHFWHGZLWK+&09 $DQG%$W WKH WLPHSRLQWV LQGLFDWHG LQ WKH ILJXUH KRXUV
SRVWLQIHFWLRQKSLYLUDOVXSHUQDWDQWZDVKDUYHVWHGDQGO\VDWHVZHUHSUHSDUHG
IRUZHVWHUQEORWWLQJIURPLQIHFWHGFHOOVWUHDWHGZLWK3,.&$VL51$7KHGDWDLQ
)LJXUH % LV UHSUHVHQWDWLYH RI WZR H[SHULPHQWV & DQG ' &HOOV WUHDWHG ZLWK
VL51$V 3,.&$ WR  ZHUH LQIHFWHG ZLWK +&09 DQG YLUDO VXSHUQDWDQW ZDV
KDUYHVWHG DW  KSL SOXV XQLQIHFWHG FHOO O\VDWH ZDV SUHSDUHG DW WKH WLPH RI
LQIHFWLRQ ,Q $ DQG & SURWHLQV UHFRJQL]HG E\ WKH DQWLERGLHV XVHG LQ HDFK
H[SHULPHQWDUH LQGLFDWHG WR WKH ULJKWRIHDFK ILJXUH7KHSRVLWLRQVRIPROHFXODU
ZHLJKWPDUNHUVN'DDUHLQGLFDWHGWRWKHOHIWRIHDFKILJXUH,Q%DQG'YLUDO
WLWUHLVH[SUHVVHGDWSODTXHIRUPLQJXQLWVPOSIXPO

)LJXUH:HVWHUQEORWWLQJRIYLUDODQGFHOOXODUSURWHLQVIURPVL51$WUHDWHG
FHOOV $ +)) FHOOV ZHUH WUHDWHG ZLWK HLWKHU &WUO RU 3,.&$ VL51$ WKHQ
LQIHFWHGZLWK$'&HOO O\VDWHVZHUHSUHSDUHGIRUZHVWHUQEORWWLQJDWWKHWLPH
SRLQWV KRXUVSRVW LQIHFWLRQ KSL LQGLFDWHGDERYH WKH ILJXUH8QLQIHFWHGFHOOV
KDUYHVWHGDWWKHWLPHRILQIHFWLRQDUHVKRZQDVKSL3DQHOVVKRZLQJVLJQDOV
IURP&WUO RU 3,.&$ VL51$ WUHDWHG FHOOV DUH IURP WKH VDPH H[SRVXUH RI WKH
VDPHEORW%$IROGGLOXWLRQVHULHVZDVFUHDWHGIURPVDPSOHVRILQIHFWHGFHOOV
WUHDWHGZLWKHLWKHU&WUO &RU3,.&$ 3VL51$KDUYHVWHGDWRUKSL
IURP ILJXUH$ 7KH VL51$DQG GLOXWLRQ IDFWRU DUH LQGLFDWHG DERYH WKH ILJXUH ,Q
ERWKILJXUHVSURWHLQVUHFRJQL]HGE\WKHDQWLERGLHVXVHG LQHDFKH[SHULPHQWDUH
LQGLFDWHG WR WKH ULJKWRIHDFK ILJXUH7KHSRVLWLRQVRIPROHFXODUZHLJKWPDUNHUV
N'DDUHLQGLFDWHGWRWKHOHIWRIHDFKILJXUH
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)LJXUH  $QDO\VLV RI FDSVLG ORFDOL]DWLRQ DQG YLULRQ SURGXFWLRQ $'
(OHFWURQPLFURVFRS\ DQDO\VLV +)) FHOOV ZHUH WUHDWHG ZLWK HLWKHU &WUO RU 3,.
&$ VL51$ WKHQ LQIHFWHG ZLWK $' $W  KRXUV SRVW LQIHFWLRQ FHOOV ZHUH
SUHSDUHGIRUDQDO\VLVE\HOHFWURQPLFURFRS\,PDJHVWKDWFRYHUWKHHQWLUHDUHDRI
D  LQIHFWHG FHOOV IURP HDFK FRQGLWLRQ FKRVHQ DW UDQGRP ZHUH FDSWXUHG DW D
PDJQLILFDWLRQRIî7KHWRWDOQXPEHURI$%DQG&FDSVLGVLQWKH$QXFOHL
DQG%F\WRSODVPRI LQIHFWHGFHOOVZHUHFRXQWHGDVZHUH&WKHQXPEHURI&
FDSVLGVXQGHUJRLQJVHFRQGDU\HQYHORSPHQWDQG'YLULRQVOHDYLQJWKHFHOO7KLQ
KRUL]RQWDOEODFNEDUV LQGLFDWHWKHPHDQYDOXHRIHDFKJURXS7KHYDOXHVDERYH
WKLFN KRUL]RQWDO EODFN EDUV LQGLFDWH WKH SYDOXH GHULYHG IURP D WZRWDLOHG
XQSDLUHG VWXGHQWV WWHVW FDOFXODWHG XVLQJ35,60VRIWZDUH  S QV  QR
VWDWLVWLFDO GLIIHUHQFH (L ([DPSOHV RI FDSVLGV XQGHUJRLQJ VHFRQGDU\
HQYHORSPHQWLQGLFDWHGE\ZKLWHDUURZVLQD3,.&$VL51$WUHDWHGFHOOLL$
YLULRQOHDYLQJDFHOOWUHDWHGZLWK&WUOVL51$):HVWHUQEORWWLQJRIYLUDOSURWHLQV
LQVXSHUQDWDQWRI LQIHFWHGFHOOV WUHDWHGZLWKVL51$+))FHOOVZHUH WUHDWHGZLWK
HLWKHU&UWORU3,.&$VL51$DQG LQIHFWHGZLWK$' &HOOVXSHUQDWDQWZDV
FROOHFWHG DW  KRXUV SRVW LQIHFWLRQ 6XSHUQDWDQW ZDV FODULILHG ZLWK ORZ VSHHG
FHQWULIXJDWLRQ WKHQ YLULRQVZHUH SHOOHWHG E\ XOWUDFHQWULIXJDWLRQ 3HOOHWHG YLULRQV
ZHUH WUHDWHG ZLWK WU\SVLQ DW R& RU R& DQG SUHSDUHG IRU ZHVWHUQ EORWWLQJ
3URWHLQVUHFRJQL]HGE\WKHDQWLERGLHVXVHG LQHDFKH[SHULPHQWDUH LQGLFDWHGWR
WKH ULJKW RI HDFK ILJXUH 7KH SRVLWLRQV RI PROHFXODU ZHLJKW PDUNHUV N'D DUH
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LQGLFDWHG WR WKH OHIW RI WKH ILJXUH $ QRQVSHFLILF EDQG UHFRJQL]HG E\ WKH J%
DQWLERG\LVPDUNHGZLWKDQDVWHULVN7KHSRVLWLRQRIJ%LVLQGLFDWHGZLWKDQDUURZ

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